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SUMMARY
This report presents a method for predicting the noise characteristics
of a coannular jet exhaust nozzle with an inverted velocity profile. The
method equates the coannular jet to a single stream equivalent jet with the
same mass flow, energy, and thrust as the coannular jet. The acoustic charac-
teristics of the coannular jet are then related to the acoustic characterls-
tics of the single jet. The method presented in this report also includes
forward flight effects by incorporating a forward velocity exponent, a Doppler
amplification factor, and a Strouhal frequency shift.
A comparison of the prediction method with the model test data shows that
(1) for the static cases the spectral correlations were generally greater than
90 percent and the spectral sound pressure level standard deviations were gen-
erally less than 4 dB in the aft arc direction. (2) For the static cases, the
predicted overall sound pressure levels were generally within 4 dB of the
measured values. (3)_This method predicts the acoustic characteristics of
coannular nozzles without centerbodies better than coannular nozzles with
centerbodies located in the primary stream exhaust where the flow must either
overexpand or neck down. (4) For the forward flight cases, the method under-
predicts the jet noise by approximately 3 dB in the forward arc, and overpre-
dicts the jet noise by approximately 2 dB in the aft arc. (5) For the low
velocity forward fligh_ cases the spectral correlation coefficients were greater
than 90 percent and the standard deviations of the spectral sound pressure
levels were generally less than 4 dB. (6) For both the static and wind tunnel
cases the spectral correlations, sound pressure level deviations, and overall
sound pressure level differences between measured and predicted values were
not affected by changes in equivalent jet velocity.
= It is recommendedthat (I) the forwardflight effecton jet noise be
reevaluatedusing additionaldata to determinewhether the Doppleramplifi-
cation factor exponentshould be greater than unity, and that (2) additional
data be obtainedat higherjet exhausttemperaturesand velocitiesto reduce
extrapolationerrors incurredin evaluatingnoise levelsof variablecycle
engines.
INTRODUCTION
In recent years, advanced engine designs which employ coannular jet
exhausts have been studied for application to supersonic transport configur-
ations. These engines are efficient at both supersonic and subsonic flight
speeds. The coannular jet exhaust flow scheme has been shown to significantly
reduce the engine jet exhaust noise levels during takeoff and landing
operations.
The prediction method presented herein was developed from three
extensive sets of coannular jet noise model test data sponsored by NASA
Lewis Research Center (refs. I, 2, and 3). These data have been correlated
by S. P. Pao of NASALangley Research Center (ref. 4), which provides the
basis for the prediction method.
Because the coannular jet contains twice as many flow parameters as
the single jet, the prediction scheme is more complex than the SAE single
jet prediction method (ref. 5). The noise emitted from a coannular jet
contains two major components: the premerged noise produced by the secondary
flow stream and the noise produced by the portion of the jet plume Where:
the two streams have merged. In the forward direction angles, the premerged
noise is predominant. However, in the aft arc, there are two distinct peaks
to the jet noise spectral distribution. The low frequency peak is associated
with the plume noise of the merged jet, and the high frequency peak is asso-
ciated with the premerged noise of the secondary or outer flow stream.
The method presented herein equates the coannular jet to a single streamf
equivalent jet which has the same mass flow, energy flow, and thrust as the
coannular jet. The acoustical power of the coannular jet is then derived by
computing the power of the single jet and applying a coannular jet noise
benefit function. From the acoustic power, the overall sound pressure level
in a given direction is defined. Then the spectrum is defined which is
composed of the premerged and postmerged jet noise components. The prediction
method also includes forward flight effects by incorporating a forward
velocity exponent and a Doppler amplification factor. Also, the frequency
is shifted in proportion to the relative velocity, which is the difference
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between the nozzle exit velocity and the forward flight velocity.
The following constraints should be applied to the method presented
due to the limited data base. The outer to inner stream nozzle exit area
ratio should not be less than 0.4 or greater than 2.5. The outer to inner
stream velocity ratio should not be less than 1.0. The equivalent jet velo-
city should be greater than 0.85 times the local ambient speed of sound. The
test data upon which this method is based have a range of equivalent jet
velocities from just below the ambient speed of sound to 2.5 times the local
ambient speed of sound. This prediction method is designed for obtaining
free field unattenuated source noise levels. It should be noted that coannu-
lar jet area ratio and radius ratio are not included explicitly due to the
limitations of the data base.
LIST OFSYMBOLS
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Ae equivalent fully expanded jet area, m
A1 nozzle exit plane area of primary stream, m2
A2 nozzle exit plane area of secondary stream, m2
c ambient speed of sound, m/s
D(e) directivity function
De equivalent jet diameter, m
Dh hydraulic diameter of secondary stream, m
dB decibel
f one-third octave band frequency, Hz
G(e,_) normalized spectral distribution in one-third
octave band
H secondary stream annular exit height, m
me total mass flow of the equivalent jet, kg/s
ml mass flow of the primary stream, kg/s
m2 mass flow of the secondary stream, kg/s
n number of one-third octave band frequencies
OAPWL. overall sound power level, re: 10-12 W
OASPL(e) predicted overall sound pressure level,
re: 2 x 10-5 N/m2
OASPLm(e) measured overall sound pressure level,
re: 2 x 10-5 N/m2
_2(e) predicted overall mean square pressure, N2/m4
p2(e,f) one-third octave band predicted mean square
pressure, N2/m4
pm2(e) measured overall mean square pressure, N2/m4
pm2(e,f) one-third octave band measured mean square
pressure, N2/m4
p_ ambient atmospheric pressure, N/m2
P(Ve/C ) power deviation factor, W
PISA international standard atmospheric pressure,
N/m2
Q(Ve/C ,V2/V I) power reduction factor, W
r radial distance between source and observer, m
R spectral mean square pressure correlation
coefficient
S1 peak Strouhal. number of the first spectral
component
S2 peak Strouhal number of the second spectral
component
SD spectral sound pressure level standard deviation,
dB
SPL(e,f) predicted one-third octave band sound pressure
level, re: 2 x 10-5 N/m2
SPLm(e,f ) measured one-third octave band sound pressure
level, re: 2 x 10-5 N/m2
Te total temperature of the equivalent single jet, K
TIS A international standard atmospheric temperature, K
T1 total temperature of the primary stream, K
T2 total temperature of the secondary stream, K
T ambient air temperature, K
Va forward velocity of the jet nozzle, m/s
Ve fully expanded jet velocity of the equivalent
jet, m/s
V1 fully expanded jet velocity of the primary stream,
m/s
V2 fully expanded jet velocity of the secondary
stream, m/s
_" magnitude of peak mean square pressure of second
spectral component relative to first spectral
component, N2/m4
Ye ratio of specific heats for the equivalent jet
Y1 ratio of specific heats for the primary stream
Y2 ratio of specitic heats for the Secondary stream
6 directivity angle from the inlet axis, deg.
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H total sound power, W
p_ ambient air density, kg/m3
Pe density of equivalent jet, kg/m3
_I normalized Strouhal number for the first spectral
component
_2 normalized Strouhal number for the second spectral
component
¢ directivity angle from flight path, deg.
density exponent
DESCRIPTIONOF DATABASE
The inverted flow profile coannular jet data base was obtained from model
scale experimental work (refs. I, 2, and 3). The static tests of references
1 and 2 consist of 98 separate test conditions with three different nozzle
configurations. The first two configurations shown in figures 1 and 2 (models
2 and 3) have area ratios of 0.75 and 1.2 respectively. The third configur-
ation (model 4) has a centerbody within the core flow stream which extends
past the core flow nozzle exit plane. The area ratio for model 4 of figure
3 is 0.647. The wind tunnel tests of reference 3 consist of 92 separate
test conditions with two different nozzle configurations which have inverted
flow profiles. The wind tunnel nozzle configurations (models 7 and 8) have
area ratios of 0.75 and 1.2 respectively, and are shown in figures 4 and 5.
In all models the core flow exit plane was offset from the secondary flow
exit plane.
The acoustic data covered thirty one-third octave bands. All the tests
were conducted in outdoor facilities using a polar array of microphones. The
table below lists the frequency range, directivity range, and microphone dis-
tance for each of the test models.
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Forward Frequency Range of Distanceto
Model Velocity Range DirectivityAngle Microphone
2 O 0.I-80 KHz 60 - 165 degrees 4.57 m
3 O 0.I-80 KHz 60 - 165 degrees 4.57 m
4 0 0.05-40KHz 30 - 160 degrees 12.2 m
7 30-130 m/s O.l-80 KHz 70 - 150 degrees 3.05 m
8 30-130m/s O.OI-80KHz 70 - 150 degrees 3.05 m
The acousticdata were correctedto remove atmosphericattenuationeffects
in accordancewith ARP 866 (ref. 6). Sphericaldivergenceeffectswere included
to correct the data base to a radius of 45.7 m (150ft). In the case of model
4, the data were also correctedfor ground reflectionand attenuationeffects
using the method of reference2. The forwardflight data of models 7 and 8
of reference3 already have been correctedfor the effectsof the wind tunnel
flow shear layer on the directivityand intensity. In addition,Dopplerfre-
quency shiftswere incorporatedinto the data to accountfor the relative
motion effect betweenthe sourceand the observer. This effect is included
in the predictionbut is not presentin the wind tunnel.
For all cases used in the developmentof this predictionmethod, the
secondarystreamflow velocitywas greater than the primarystream flow
velocity. The table below lists the range of temperaturesand velocitiesof
each flow stream for each of the models.
VelocityRange,m/s TemperatureRange, K
Model Primary Secondary Primary Secondary
2 294 - 624 310 - 872 381 - I098 380 - I133
3 298 - 441 319 - 859 389 - 810 702 - 1089
4 291 - 609 295 - 847 286 - 814 392 - 1097
7 284 - 306 303 - 683 370- 410 390 - 669
8 297 - 307 430 - 638 339 - 407 396 - 710
The applicabilityof the predictionmethod presentedherein is limited
to the velocityrange and temperaturerange of the model test data base. The
maximum secondaryflow velocitywas 872 m/s for the staticcases and 683 m/s
for the wind tunnel cases, which is less than the 975 m/s for the secondary
flow velocityof a variblecycle engine for an SST design. Similarly,the
maximum secondaryflow total temperatureof the data was I133 K for the
static cases and 710 K for the wind tunel cases,which are considerablyless
than the variablecycle engine secondaryflow temperaturesof 1750 K.
PREDICTIONPROCEDURE
The noise predictionmethod presentedin this report is based on deter-
mining the noise characteristicsof a single equivalentjet, which has the
same total mass flow, energyflow, and thrust as the coannularjet. First,
the overall acoustic power level of the coannularjet must be defined. It
was found that for the static case (no forwardvelocity),that the acoustic
power of the coannularjet is sometimesas much as 4.0 dB lower than the over-
all sound power level of the single equivalentjet. The power of the single
equivalentjet for the static case is determinedusing the currentSAE
predictionmethod (ref. 5). A jet noise benefitfunction is employedto
obtain the power level of the coannularjet. For the case with forwardvel-
ocity, a procedureby Hoch (ref. 7) is employed. This procedureemploys a
power function to account for changesin source strengthand sound convection.
Also a Doppleramplificationfactor is used. Both the Dopplerfactor and
the power function vary with directivityangle. The overallsound pressure
level in a given directionat a given radius is computedfrom the overall
sound power level using a directivityindex which is independent of forward
flight velocity. Finally,the one-thirdoctave band sound pressure level
is computed by a two componentmethod. The first Componentis associated
with the secondarystream of the premergedjet. The secondcomponentis
associatedwith the post merged region of the fully mixed jet. The one-third
octave band spectrais correctedfor forwardvelocityeffectsby basing the
Strouhalnumberson the differencebetween the jet nozzle velocityand the
forwardflight velocity.
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EquivalentJet
The singleequivalentjet has the samemass flow,energyflow,and
thrustas thecoannularjet. Themass flowof the singleequivalentjet is
he= _1+ _2'. (I)
where
_I=p A V. (2)
The conditionof equivalenceof mass flowand thrustgives
_I Vl + _2 V2
Ve = • (3)
_l+ _2
Sincethe gas constantfor air is not significantlychangedby theaddition
of a smallamountof combustionproducts,the equivalentemperaturecan be
definedfrom the totalenergyflowas
Te =
• YI " Y2
where
R " {S)
The equivalentspecificheatratiois definedfrom themixingof the gases
of eachstream,as
Ye ml + m2
= • (6)
Ye-I m'l + m2
9
Becausethe fully expandedjet static pressureis equal to the ambient
static pressure,the equivalentjet density is
-l
Pe = P= "_'_'- T " (7)
The equivalentarea is (from equation2)
Ae = e , (8)Pe Ve
the equivalentjet diameter is
De : , (9)
and the secondarystream hydraulicdiameter is
Dh = 2H. (I0)
AcousticPower
The jet acousticpower R is calculatedfor the singlejet usingthe
currentSAE predictionmethod(ref.5) and applyinga coannularjet power
benefitfunction,Q.
8
!_= 6.67 x lO"5 p_ c 3 Ae P Q (ll)
The density exponent,_, is the same as in reference5 and is given as a
function.ofVe/C_ in table l and figure 6. The power deviationfactor
P(Ve/C_) representsthe deviationof sound power from the U8 law of
dependenceand is shown in table 2 and figure 7. The coannularjet power
benefitfunctionQ(Ve/C_, V2/Vl) is shown in table 3 and figure 8.
The overallsound power level can be obtainedfrom equationII as
lO
OAPWL = I0 Loglo + 197 dB. (12)
The effectof forwardflight on acousticpower includesthe Doppler
amplificationfactorand a velocityexponent. Both of these terms are related
to the directivityangle. Thereforethe forwardvelocityeffect is included
along with the directivityeffects in the determinationof the mean square
pressure.
Directivityand Overall Mean Square Pressure
The mean square pressureat a given observer positionrelative to the
positionof the jet is
_2(0) P_ c_ D(e,Ve/C_ ) (Ve-Va) m(O): 4_r2 (I-Va cos@/c ) Ve ' (13)
where r is the distancebetween the source and the observer,and D(O,Ve/C )
is the normalizeddirectivityfactor and is given in table 4 and figure 9.
The forwardvelocityexponentfunctionm(o) was taken from Hoch (ref. 7)
and is presentedin table 5 and figure lO. The Doppleramplificationfactor
(l - Va/C_ cos @) dependson the angle betweenthe flightpath vector
and the vector betweenthe sourceand observer. This angle, denotedas, @,
is differentthan the directivityangle, o, when the jet axis is not along
the flight path. Figure II shows the geometricvariablesused for computing
the overallmean squarepressureat a particulardirectivityangle.
The overallsound pressurelevel, computedfrom the mean square pressure,
is:
+ 197 dB. (14)
OASPL = lO Loglo O_2 cJ
ll
Spectral Distribution
The one-third octave band spectra in a given direction are composed of
a single component for directivity angles below II0 degrees where the high velo-
city, secondary stream jet noise is predominant. At directivity angles equal
to or greater than II0 °, the one-third octave band spectra consist of two
components. The low frequency component is associated with the jet noise
from the merged portion of the exhaust, and the high frequency component is
associated with the secondary stream flow. Figure 12 shows a diagram of
the two component spectra. The peak Strouhal number of the first spectral
component Sl(Ve/C _, e) applies to all directivity angles. For direct-
ivity angles equal to or greater than II0 °, there is a second component peak
Strouhal number, S2(Ve/C , e), The values of S1 and S2 are listed in tables
6 and 7 and are shown in figures 13 and 14, respectively.
Figure 12 shows that there is a difference in amplitude between the first
and second peaks. At directivity angles equal to or greater than II0 degrees,
the parameter, _', indicates the relative magnitudes of the mean square pres-
sure of the second peak with respect to the first peak. _" is defined from the
parameter, _(Ve/C_, V2/VI, e) as
A2
_" : _ _--. (15)e
The values of a are presented in table 8 and figure 15.
The one-third octave band mean square pressure
p2(e,f) : p2(e) G(e,a I) , for e < II0 °, (16)
and
(G(e,_l) _'G(e,_2) )p2(e'f) P2(e) 1 + _" 1 + _" '
= + for e z II0 ° (17)
where the values of G(e,o) are given in table 9 and figure 16. The values
of oI and o2 are defined from S1 and S2 by
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foe( )00_I : Sl(V e - Va) ' (18)
and
f Dh ( Te ) 0.4°2 : S2(Ve - Va) _ " (19)
The forward flight effect is incorporated into equations 18 and 19 in the
computation of the peak frequency, the frequency corresponding to a o Value
of 1.0. This frequency is dependent on the difference between the nozzle
jet exhaust velocity and the aircraft forward flight velocity. A temperature
correction factor is included in equations 18 and 19 which corresponds with
the frequency shift due to temperature in accordance with the SAE single jet
method of reference 5.
The one-third octave band sound pressure level is defined by
SPL(e,f) = OASPL(e) + I0 Loglo G(e,Ol) , for e < II0 °, (20)
and
G(0,Ol) _'G(e,_2))• + (21)SPL(0,f) : OASPL(o) + I0 Loglo 1 + _ 1 + _" '
for e > II0 °.
DATACOMPARISONS
Comparisons were made to evaluate the prediction method against the
model test data for 48 static cases from references 1 and 2 and 22 wind tunnel
cases from reference 3. The predicted values were corrected to incorporate
shock noise as well as jet noise, as shock noise does exist in the model
data. The shock noise was predicted over the range of frequencies and
directivity angles for each case using Stone's method from reference 8. For
each case at each directivity angle for which spectra data are available,
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the spectralmean square pressurecorrelationcoefficient,the spectral
sound pressurelevel standarddeviation,and the overallsound pressurelevel
differencebetweenthe measuredand predictedvalueswere computed.
The mean square pressurecorrelationcoefficient,R, for a range of n
one-thirdoctave band frequenciesis
\
n _2m(ez [_2(e,i) ,i)]
R : i:l . (22)
I n ]2 n [_2m ]2II/2
z [p2(e,i) s (e,i)
i=l i=l
The spectralsoundpressurelevelstandarddeviation,SD, in unitsof
decibelsfor a rangeof n one-thirdoctavebandfrequenciesis
I n
I/2
z [SPL(o,i)- SPLm(O,i)]2
SD = i=l (23)(n- l)
The differencebetweenthe predictedand measuredoverallsound pressure
level, OASPL, at each directivityangle is
AOASPL(e)= OASPL(e)- OASPLm(e). (24)
The data comparisonstudy consistsof two parts: the staticcomparison
and the forwardflight comparisons.
Static Case Data
The staticdata comparisonconsistsof evaluating48 typicaldata cases.
These include33 cases from referencel (models2 and 3) and 15 cases from
reference2 (model4). Table lO lists the flow propertiesfor the 48 cases
includingequivalentvelocityand the ratio of the secondaryflow velocity
to the primaryflow velocity. Table II shows the spectralmean squarepres-
sure correlationcoefficient,the spectralsound pressurelevel standard
deviation,and the differencein overallsound pressurelevel betweenthe
measured and predictedvalues for each case at nine directivityangles.
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The variationof the comparisonparametersof table II with normalizedequiv-
alent velocityare shown on figures17, 18, and 19, respectively,at direct-
ivityangles of 60, 90, 120, and 150 degrees.
Figure 17 shows that at 90 and 120 degreesthe correlationcoefficient
exceeds90 percentexcept in 7 cases. At 60 degreesit can be seen that
there is considerablediscrepancywhich is partiallyattributableto the
relativelylow jet noise levels. At 150 degrees the model 4 cases generally
seem to have a low correlation,whereasonly 4 of the model 2 and model 3
cases are below 90 percent. This may be due to the fact that the jet exhaust
flow of model 4 overexpandsas it flows over the plug surface.
Figure 18 shows the variationof standarddeviationof the spectral
sound pressure levelswith normalizedequivalentvelocityfor the 48 data
cases. From figure 18 it can be seen that at 90, 120, and 150 degrees less
than 7 cases exceeda standarddeviationof 4 dB, whereasat 60 degreesalmost
a third of the cases exceeda standarddeviationof 4 dB. The standarddevi-
ation indicatesa discrepancybetween the measuredand predictedvalues but
does not indicatethe directionof this discrepancy. Thereforethe difference
in overallsound pressurelevels for these 48 cases were determined.
Figure 19 shows the variationof the differencebetweenpredictedand
measuredoverall sound pressurelevelswith normalizedequivalentvelocityfor
the 48 data cases at directivityangles of 60, 90, 120, and 150 degrees.
Figure 19 shows that at 90 degrees, the method overpredictsfor model 2 and
underpredictsfor models 3 and 4. At 120 degreesthe method underpredicts
the noise of model 4, whereasmodels 2 and 3 appear to not be biased. At
150 degrees the predictedOASPL levelsaverage slightlyhigher than the
measuredvalues,except at the lower equivalentjet velocities,where they
are 2 to 4 dB higher. At 60 degreesit can be seen that there is consider-
able scatter in the OASPL differences. This correspondsto the low jet noise
level problemsthat were seen in figures17 and 18.
From table II and these figures 17, 18, and 19, it can be seen that
the predictionmethod does not correlatebetterat higherjet velocities
than at lower velocities. Also at angles below 90 degrees,there are some
large discrepanciesbetween the predictionmethod and the measureddata, which
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can be partiallyattributedto the lowerlevelsof jet noisewhichare pro-
ducedin the forwardarc and thusto the lowerdifferencein noiselevel
betweenthe jet noiseand the backgroundnoise.
AppendixA showsspectralplotsof themeasuredand predictedsound
pressurelevelsfor 16 of the 48 staticdatacases.
Wind Tunnel Case Data
The wind tunnelor forwardflight data comparisonconsistsof evaluating
22 typicaldata cases of reference3 (models7 and 8). Table 12 lists the
flow propertiesfor the 22 cases includingequivalentvelocityand the ratio
of the secondarystreamvelocity to the primarystreamvelocity. In the wind
tunnel test, the microphonesare stationarywith respectto the nozzle,whereas
in forwardflight they are not. However, the power level and directivityare
affectedby the wind tunnel flow velocitywhich alters the strengthand
directionof the acousticwaves. Also, the frequencyis shiftedby the wind
tunnel flow. However,the frequencyshift definedby equations18 and 19 has
incorporateda Dopplershift. Therefore,to correctfrom forward flight
predictionto wind tunnelprediction,the predictedforwardflight frequencies
were correctedby the Dopplerfrequencyshift which is
fwind tunnel= fforwardflight [I - Va/C_ cos(e)]. (25)
Table 13 shows the spectralmean square pressurecorrelationcoefficient,
the spectral sound pressurelevel standarddeviation,and the differencein
overall sound pressurelevel betweenthe measured and predictedvalues for
each case at the nine directivityangles for which measureddata are available.
Figures20, 21, and 22 respectivelyshow the variationof these comparison
parametersas a functionof normalizedequivalentvelocityat directivityangles
of 70, 90, 120, and 150 degrees. Appendix B shows comparisonsbetweenthe
predictedand measured spectralsound pressurelevel distributionsfor several
typicalwind tunnel data cases at directivityangles of 70, 90, 120, and 150
degrees. The spectralplots of Appendix B show that in the high frequency
range the measured data rises abnormally. This was attributedto electrical
interferenceand thereforethe four highestfrequencieswere not includedln
evaluatingthis predictionmethod.
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From table 13 and figure 20 it can be seen that the correlationcoef-
ficientsare generallyclose to or above 90 percentexcept for the high forward
velocitycases. FiguresBl, B4, B7, and B8 of AppendixB shQw typicalspectral
plots for these high velocitycases. From these four figures, it can be seen
that there appearsto be somethingother than jet or shock noise presentat
the low frequencies. Furthermore,this low frequencyinterferencephenomenon
increasesas the directivityangle increasesand also as the forwardvelocity
increases. Therefore,at the higherforwardvelocitiesfigure 20 shows that
the correlationcoefficientis low.
Table 13 and figure 21 show that at the low forwardvelocitiesthe
spectralsound pressure level standarddeviationis less than 4 dB exceptat
the directivityangle of 150 degreeswhere it varies from 4 dB to almost 6 dB.
However,at the higher forwardvelocitiesthe standarddeviationis large due
to the low frequencyinterferencephenomenon.
From table 13 and figure 22 it can be seen that the method Underpredicts
the overall sound pressure'levelat all directivityangles except at 150
degreeswhere the method overpredicts. The amount of discrepancyin the over-
all sound pressurelevel is about 3.5 dB at 70 degrees,1.5 dB at 90 degrees,
2 dB at 120 degrees,and -2.0 to +2.0 dB at 150 degrees. In generalthere
appearsto be no trend in the overallsound pressurelevel differencewith
changesin either the jet velocityor forward velocity. Also at a directivity
angle of 90 degreesit is anticipatedthat the overallsound pressure level
discrepancywill be at a minimum becausethe forwardvelocityeffect is reduced
to zero in the predictionmethod per equations13 and 18.
The predictionmethod is acceptableat directivityangles of 90 and 120
degrees. At the directivityangle of 70 degreesthe method predictslow at all
forwardflight speeds. At the directivityangle of 150 degreesat the higher
flight velocitiesthe predictionmethod is poor in that it overpredictsthe
jet noise overallsound pressurelevel by as much as 3 dB.
In general this predictionmethod is acceptablefor the forwardflight
cases. Howeverfor comparisonpurposes it should be noted that in reference3,
a least squaresfit of the data was made and a forwardvelocity power index
and Doppleramplificationfactor for noise convectionwere determined. Using
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the method of this report the power index of equation13 shown in table 5 and
figure lO is about the same as the forwardvelocitypower index factor of
reference3. However,the Doppleramplificationfactorof equation13 is
raised to the first power in the presentedpredictionmethod. In the data
correlationof reference3, the Doppleramplificationfactor is raised to a
power of 4 at a directivityangle of 70 degreesand to a power of lO at a
directivityangle of 150 degrees. The value of the Doppleramplification
factor exponentalso dependson the total pressureratio. The fact that this
Doppleramplificationfactor exponentis considerablygreater than unity and
that it was derivedfrom test data correlationsindicatesthat the prediction
method presentedhereinwill underpredictthe jet noise at directivityangles
below 90 degrees,and overpredictthe jet noise at directivityangles above
90 degrees. Furthermore,the amount of discrepancywill increaseas the for-
ward velocityincreases. However, the amount of OASPL discrepancyin the
method of this report is generallyless than 2 dB at directivityangles of
90, 120 and 150 degrees,which is probablywithin the range of the model test
data scatter.
CONCLUSIONS
For the staticcase data without the centerbodyplug the coannularjet
predictionmethod presentedhereinyields correlationcoefficientsabove
90 percentat directivityangles of 90, 120, and 150 degrees. For the static
case data with the centerbodyplug the correlationcoefficientis lower at a
directivityangle of 150 degrees. One reason for this differencemay be due
to the overexpansion,or turning,of the flow as it passes over the centerbody
p!ug. The standarddeviationsfor all the nozzleconfigurationswere generally
less than 4 dB at directivityangles of 90, 120, and 150 degrees. At the
directivityangle of 60 degrees,where the jet noise levelsare relatively
low and the data may be affected by backgroundnoise, the correlation
coefficientswere sometimesconsiderablyless than 90 percentand the standard
deviationssometimesexceed lO dB. In generalthe overallsound pressure
levelswere predictedwithin 4 dB at directivityangles of 60, 90, and 150
degrees. At 120 degreesthe method appeared to underpredictby sometimes
more than 6 dB.
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For the wind tunnel cases, the coannular jet prediction method presented
herein yields correlation coefficients above 90 percent for the lower forward
velocities at directivity angles of 70, 90, 120, and 150 degrees. Also at
the lower forward velocities, the standard deviations were less than 4 dB
at directivity angles of 60, 90, and 120 degrees, and varied from 4 to 6 dB
at the directivity angle of 150 degrees. At the higher forward velocities,
there appeared to be some low frequency interference phenomenonwhich increased
as the directivity angle increased and as the forward velocity increased.
Therefore at the higher forward velocities the correlation coefficient
and standard deviation were not good. However this low frequency phenomenon
did not affect the SPL values near the peak level, and therefore did not
affect the overall sound pressure levels. For the forward velocity cases
the difference between the measured and predicted overall sound pressure
levels were less than 4 dB at directivity angles of 70, 90, 120, and 150
degrees, except for two cases at 70 degrees.
For the forward flight cases this method underpredicts the jet noise
by approximately 3 dB in the forward arc as shown on Figure 22a. Similarly,
at the higher directivity angles this method overpredicts the jet noise by
approximately 2 dB, as shown on Figure 22d. To correct this a Doppler
amplification factor exponent could be employed in addition to the forward
velocity exponent.
For both the static and wind tunnel cases changes in equivalent jet
velocity did not affect the correlation coefficients, the sound pressure level
standard deviations, or the difference between the measured and predicted over-
all sound pressure levels.
Since, at supersonic jet velocities, a shock noise prediction is
included in the jet noise correlation and the results obtained were found
to be satisfactory, it is evident that shock noise is present in the
model tes_ data.
The applicability of the prediction method presented herein is limited
to the velocity range and temperature range of the model test data base.
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TABLEI.
JET NOISEDENSITYEXPONENT.
Loglo (VelC_)
-0.4 -0.90
-0.35 -0.76
-0.30 -0.58
-0.25 -0.41
-0.20 -0.22
-o.15 o.o
-0.10 0.22
-0.05 O.50
0.0 0.77
O.05 l.07
O.lO l.39
0.15 l.74
0.20 l.95
0.25 2.0
0.30 2.0
0.35 2.0
0.40 2.0
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TABLE 2.
POWER DEVIATION FACTOR.
lOglo(Ve/C,:) 10 loglO(P), dB
-0.40 -1.3
-0.35 -1.3
-0.30 -1.3 i
-0.25 -I.3
-0.20 -I.3
-0.15 -1.2
-0.10 -I.0
-0.05 -0.5
0.0 0.0
0.0.5 I.0
0.10 2.1
0.15 3.2
0.20 4.1
0.25 4.3
0.30 4.1
0.35 3.1
0.40 1.4
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TABLE3.
COANNULARJET NOISEPOWERREDUCTIONFACTOR.
10 LoglO(Q),dB
Loglo(VelC_)
V2/V1 ,
• '_ 0.00 .OS ,t_ ,t5 ,Z_" ,_5 ,30
0" n_0 0.0
. loO otO 0.0 0._I 19.0 l_!fl O:I".1 0 O,n n._1 0,0 O.(_ .cO 0.0
1.2 1_'_ 0,0 (},O I.(I 1._ _,0 .b
• 1,3 n_o t.o _.0 a.o a,o t'.5 t,o
t.a hen l.o t;S 3.0 3.e _'.0 I ._
I,S 0.0 1,0 _.0 3.0 3._ 3'.0 _,0
I._ O,O I,_ P,O 3,0 _.O 3,5 _,b
1,7 o;.o 1.o a.o _.o 4.n .'
t.@ (_p(_ ].(_ 1.5 2.b t_.O _eO 3,0• • _.0 ._
1.4 0.0 t:O I,S _,S 3.'J ",f_ ,.0
I.O (_,(I 1,fl ,.S _.S 3._ _:0 ",0
_*_ . t;n .5 _.0 3' (} ,.0
rO ,5 ,_ 1.0 _.r} _ 3,_
,_,b O.n .'j .S 1.0 l.'J _' 0 3.0
_,8 (_,n 0._, .'j .9 l.n 115 _,5
a.9 n,o o,o n.o .5 I,o I_.S a,o
3._I (_.o (_.0 n.o ._ I.o I;5 _,o
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TABLE4.
COANNULARJET NOISEDIRECTIVITYINDEX.
I0LoglO(D).dB
Directivity LogI0(Ve/Cj.)
angle.o _.t)O .oY .I0 .I_ .2o .2_ .3(} .}b
0 -8,60 -Q,7o -11,Y_ -I;)'_0 -13,0_ -13,a_ -13,9_ 01_,_
iO .B,_r, -Qo=;O -11,3_ "I_#,15 -I_,?_ -i_,IQ "13,63 -l_,O@
St') -8,On mQ,iO -10,(_Y -ll _5 "12,0_ "1 )',, _U -1(,93 *l_)mIg
_0 ,,7,7o -m, e_. =IO,YY 011 1_ -11,b2 ., 1LJ,e,_ ml),)? ol(,l_Q
S(_ ,,7,140 "m,YO ,, I (_, ;_5 ,,10 75 "11o17 "11. ,_54 "11,8_ ,,12,00
b._ -7,00 "_.1_ "q,_5 "if} .35 -10,7_ "11'.f)2 .w1.I,_0 -&t,,_9
70 -b,_O -?,70 "8,q8 ,-0 35 "_, _P, "q,_8 "10,Ib =iU,_,O
80 -S, 70 ,'_,_,B0 "7,bO "7 R_ "8 ,'_ =_._3 "_o53 "_o 70
q._ ._1,7() "Y, ,_0 "e_, _ ! "e 75 "e, _Y "?.Ob "Tm Oq - 7, OI,)
IOn -3.Zn -_.]o -_.71 -SOb -6.33 =5._? -S.Y q -Sob_
110 -l.3n -?;no -_.,0 =_ 7_ -?.@S -_.(IB .3.10 -_.;(0
J;)O ,_!O ,_(l oiQ -O_ w,t3. ",Ib Qo|b "*tO
13n j,_o 3,_o 3,o(J _',0_4 3,o$ 3.n_ 3,1_ 3,ilo
iSO _,3f} ?.Oe 7,_(_ 7_81 7,_5 8,,02 8,0_ 8.09
170 5,10 _,YO _,e_ _*.€)b _,33 t, ?_ !, 18 ,t,_O
, .180 _.OO 3,80 _.9_1 2.2b lmb3 ,qR ,_6 ,bO
TABLE"5.
JET NOISE FORWARDVELOCITY INDEX.
Directivity
Angle, e m(e)
0 3.0
lO l.65
20 l.l
30 0.5
40 0.2
50 0.0
60 0.0
7O O.l
80 0.4
90 1.0
lO0 l.9
llO 3.0
120 4.7
130 7.0
140 8.5
150 8.5
160 8.5
170 8.5
180 8.5
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TABLE6.
LOCATIONOF FIRSTPEAKSTROUHALNUMBER.
o L°glo(Sl)
Directivity LogI0(Ve/C=)
angle,o _,o{_ ,(_5 ,1o o15 ,_o ,_ ,30 ,35
TABLE 7.
LOCATIONOF SECONDPEAKSTROUHALNUMBER.
LoglO(S2)
Directivity LogI0(VelC_)
angle._) ¢).(}o ._5 .Lo .I_ ._{} ._S ._0 ,$_
130 .._ -._ =o_ =._ -._ =,Z_ -._ =._
170 ..05 =st3 =._ =._ =.S_ =._9 sl.O_ =_.3_
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TABLE 8.
FACTOR RELATINGRELATIVEHEIGHT OF SECOND SPECTRALPEAK TO FIRST SPECTRALPEAK.
I0 Loglo(_)
Directivityangle = llO degrees
V2/Vl L°glo(Ve/C_)
_),oo ,05 ,1o ,15 ,_o ,_5 ,}o ,_
1,0 3,70 3,7o 3,?n 3,7o 3,?o _$,7o _,Tf} 3,?n
t.! _.70 3.70 3.70 _.70 3,?0 3.7n _.70 .X. 7k}
I._ _.7 r} 3.'/0 3.?n 307(;J }.7() 3.7n 3.10 _.70
t.3 _.Tn 3.70 3.70 3o?0 _.7._ ].70 3.70 _.7{.I._ .7_ 3.To 3,?(I 3.7o 3.7o 3.70 }.7_; _.7u
I,_ $.70 _.Tn 3.?e_ 3.?0 3.?(_ &.7(. 3.7_) _,'Po
|,b _,7_ 3,70 3,70. 3,70 3,7(_ 3,70 3,1n 3,70Im7 .,70 3,7(_ },70 3,?0 ._,?1) ' 3,7_) 3,7!) L_,?O
I,_ _,70 $,70 3,7n 3,70 3.?n _,?0 _,7,) .X,7,.?
l,q 3e7n _.?0 3.?0 3.70 3.?0 3.1n }.70 3.?0
200 _,Tn 3,70 _,?0 3.?0 },_0 $,70 3,?0 $,?._
P.,I 3,7n $,70 _,;70 ._,70 3,7_ ._,70 3,70 .X,70
_.2 _.70 3.70 3,_'70 3.?r} 3.70 _.70 _.!._ 3.7{)
Directivityangle -- 120 d_.grees
V2/V1 Logio(Ve/CJ
0.00 .05 .10 .1_ ._0 ._5 ._0 ,3_
1,3 3,70 3,70 ,Tn 3,70 3,7(i 3,7;_ _. '1'_ _,_0
i,(J _,7_J 3,75 3,'/6 .%,77 ]i .'lr._ _,70 3,e_ 3,_0
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Table 8. - Continued.
I0 LOgl0(_)
Directivity angle = 130 degrees
V2/V1 LOglo(Ve/C_)
_,on ,n5 ,1o ,iS ,_0 ,25 ,_u ,35
70 -! qb = !O I _Q 2,q7 _,_0
I,I -_,I" =3,nu "I,_! ","2 ,ge 2,}7 },_0 a.19
1.2 °2,53 -I,_2 -,_0 ,_(i 1,75 2,g2 3,73 ts,Ll_
lo_ -I,2e -,_I ,(J7 Iou6 2,73 3.31 _,07 a,82
Directivityangle = 140degrees
V2/V i L°glO(Ve/coo)
n.no .c_5 .In ,_5 .;0 ,_5 ._n .3_
|,| -q. QO -_,75 -7."5 =,'btr_e "_,37 "_t_!. .s _ -.lib
I._. .(_.eO -5, S_) -zt,TC -3.50 "_,22 -,99 ,2_ I,_t)
1,3 -_,5_ -3,_ -_,73 -1 ,_ -,_ ,50 I,_ _,_5
1 ._ ,_ 1,37 %,_ _,',_7 _,n5 3£,77 _,_ 5.ha
!.9 _oO _, /_.nO ,._I0 _,Sb 5.27 5.b¢# _.OS _,.0
2.2 ,.M2 5.12 _. ,_,'i _._3 _.32 (.,_e o. t_.S e,, q(,
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Table 8. - Concluded.
IOLoglo(_)
Directivityangle : 150degrees
V2/V 1 L°gl o(Ve/C_)
O,On ,_5 ._n .15 ._0 ,_5 o_f) ,35
1.0 =P_.33 -1q.7_ =!b.7q "13.B1 "g. Bq "_.5_ -Q,17 02,_1
!,1 *1_.b_ -la.ol -t2.3_ -_.?" -:._7 -,.on -_._2 =,_2
1,2 o13._2 -!I._, -q._3 -7.1_ -_,_, =2,20 =.oO ._5
1.3 .q.6_ -7.q2 -_.q_ -3._0 "1.77 ".37 ._3 P._
].d -,._ -4._3 -3o0_ -2.00 ".%" ._3 1.71 _.b8
1._ =]._q ".g7 ".1_ .7" 1._ 2._5 ]oO_ 3.7"
1._ _,I] _,5" 3o03 3.57 _,07 _oSa 6,0_ T,_8
2._ _.3e 5.73 b.1_ _._7 O._B 7.13 7.37 7._7
Directivity angle = 160 degrees
V2/V1 LOglo(Ve/CJ
O..On ,n5 .lo ,I_ .pO ,_5 ,30 3_
I.(_ =37,1P ")P.3_ =P_,_! "__(],_§ "1_._3 "_,_7 ],€ (a a._5
1.1 -31,QI -27.77 "_3.13 "l?.q3 "%_..,8 -_,Be} l, (_0 3._t_
I._ "27,_ "_.I_ "1_.q _} =15.1_ "_.gq "3o_ _.2! 3.7_
:'i ii!"i"17 "11 m7 -!._.7._ -e=.07 "$ Oq ._f! _05_ 3.q'4
2.1 "'8.._ 3 =b.38 "_!, 31 -1._8 .1_ 1._3 _.77 3."U
;_._ "7.81 "_i. q_ ,' 3. _)._ -l.e)_ ,.3 €) }._) _,77 }i, _
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TABLE 9.
NORMALIZEDSPECTRALDISTRIBUTION.
I0 LoglO(G),dB
,,I',,;_ ._,_n ,';_6,"/P.-31,3;) -}#,,_ -a_,3o ._,r_O -S;_,P,O
o|;o -_ot)O ','_;>,3P ,,,p._, ._B.,,g_ ,,3_,_.h -3q,_O ,,I,4_,,O0
' ' I;P_ -22;_2 -2'S,_ =P.q,_o -3.X,_O -3_,,QO
-.B -IB,A(} -_B, , ,
".5 - 1 _S,2/.! "1.X,/;2 ,|],9_ -1/_,7_ *-Ib,O0 "IT,_O -1_,80
" _ 'e,l_?_ "If'A? "11 _P. "tI,_ "It,90 =12,SO "I_,BO
• z
",| "I_,_6 "1 e},S? "I0_00 "q,al "B,HS ,',_, 30 -,_,bO
0',() -1P.,7_ "l (_,_ .9, _Ip_ "q,1_ "_,_0 -7,53 "b,SI
,! -|0,_ _,Ih, _l.i 'nI h, ('_| .n,a_ oF.,90 =_,_0 -T,70
.;_ "11,I_ "10,g/_ -1(),57 -1 r_,_S -In rio -g,gO *q,70
,} ,.11 ,b_l "11,b_ -11,5_ -111"n -11 _(_ -t _.,50 =1!,_0
'_ ,,,13P., =1.'qPP -_] e_ -13 Q_; -I_ "0 =1_,._n -I_,50
,b -t",_.O "' 1_, _2 "l_,tt? - IS, '1._ "1._ _('} -1#,, 70 -1?,SO
;7 "1._0_8 "t_j, 5_ -lb, l._ -Ib,_O -i ?,"_) PtSo_O elq.)O
e ,.I t}, iig *t 6,0,_ -17,5p =17,qS -18,,90 =_.10 "11.30
_,_; '.17,1a "1_-,2" .,I_ O_ -Ig,5_ .,20."(I -_1._0 "2_,00
I'
{,
•
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TABLE10.
COANNULARJET FLOWPROPERTIESFOR STATICDATA CASES.
CABE MODEL vE v_Ivl TI Ta _';l _ vl v2 PlIPA P_IPA
M/B DE_ K QEG k( _G15 _GI_ MI@ MIS
i P _315. ! 1,1'_n _B(). _) 377._ 2, P_P,0 l.q_g P-g] '_ 3/40,2 t,520 I ,780
2 P _50.3 1.17_ 700._ 3_.3 1.65_ _._q7 _Ot ? 47_._ 1._$0 3_. 1go
.X p 4 .Mb, _ 2', (_gB _gq, t_ 702._ 2.25] 2.715 _03 q ,b] 7 ,,e, I o 5_,0 3. _.20
,q p '&bt_, ! I,SBI )_7.I 7r)5. _ P.297 I,_¢B1 _qh A (408.8 1.5_0 1.4:)00
b 2 38P,_ !,77_ ;o2.1 _5.,_ P, 25(_ !.31_ 30! _ 5;).I,5 1.5_o 1,770
? P ,_0. _ 2:llhl /_IX,_ !_)77. I _.. 2/.I0 _ ,_:]] I_fig, ? 7q1$, I 1,530 3.210
10 P. _e_._ 1 '. '/'_, "/0,._ (_nl 1_ I.e_7_ ._.$7_ ,0_.'_ 7_1.8 1.550 ._. | 9(;}
11 P )&I_,7 t.,P._ __eO,_ {)e3.? P.,3u" .7f15 _(}7.2 35_,1_ 1.5e)0 l._{_O
|S P _;51 .2 1 .$1 _,_ _OP,,7 907.! Io50_ I .F},h _]1.3 bS),) I .5._0 P_.500
lh p tJ?5,_ !.2{;, _-05." _q7.1 _ .h_)5 1.30(@ "@g.P 5_€. () 1.5_0 1.810
17 _ b_€?.( )'.t_((Q _0_.7 !O0?.l 1,5H9 2.165 U!|.O 7q?.1 Io5_0 3,1BO
IS _ _k'_..'l i.llF$ )_)H,7 iO_k'_.) I,h12 I.I77 _13.1 )?q,7 ),SL_O 1,780
ig _: hi7.) I ,i_,! 3 MlO.O ! 0_5,,_ _.Oe" l.bT_ '_,'11.a lifo" 1 ,,9'@0 _.."70
_I P h2c;.S ! .(_'@ e2_,,_,(1 7nBtp P.S_$1 _.O(i_ h20,g b_?.9 2o500. _,190
(,,o
(" Table I0. - Concluded.r,o
CABE MUDEL vt v?/vl It T_ ._1 *_ V! V_ kl/PA P2/PA
_15 DEG _ uE_ K _G/5 K_/_ .HIS _18
_b _ _Bt._ |.57_ I077.1-_0_2.6 1.}bb _.|n5 SO_.I ?02.5 |.5=0 3.190
_7 _ _8._ 1._a 810.q 701o_ 1.12] }.4_.1 _3_Io0 b35.5 1.530 }._00
P_ _ _._1._ 1..$_6 _09,] ?O0,e 1,151 _,7n3 _3_,_ 573,9 1,530 2,510
_ 3 ba_.q P._7 ,_B.7 10o4,_ 1._17 2,q_3 31q._ eRO.8 I.620 3.q90
_? $ _Ob.= t._b _RO,_ 7n_._ 1.8Z3 _.089 poq.n 3|8,8 _,$30 1=300
_t _ S_._ 1.501 $57,_ !_O,t 3,53_ 2._hO _,_ _3,1 t,_OW. _,_1
a] O q]O.7 _.0_0 _,g euS,0 ,.717 3.5P_ pqo,_ bOb.g I=790 ]._Tg.
_b _ _0_o5 1.517 55_,_ 573.g _,613 3,3_ 3_0_ 5a9,9 Io_5_ _,_9T
TABLE11.
SPECTRALCOMPARISONPARAMETERSFORSTATICDATACASES.
GAS[ Q_RE{TIV_IY At_@LE
bO 75 gO 105 I_O 130 I"0 15U Ib_
t CORR GOEF .9_! .051 .Q,e .19q .O_e .QS_ .23a .9,_ .5_
,TD DEV 2.7_5 _.b30 l.Bnb _.3Q5 _._S_ _.17" 15.Q2_ 5._Q3 9.b_
DELTA OASPL 1.9_0 -_.P]_ .ySO .qgM _.]_8 3.h_O I_.5_1 3.o9, -_o_51
g CO_ _OEF ._Tb .qlq .e18 .7_9 .7_7 .e35 .7_1 .ee_ .l_e
8TD DEV _._,Y b. Se7 2.3_" 3.ty_ 3.1ee Y._33 ,.uo_ _._e_ _.0_
CORR COEF' ,70m ,_.1_ ,_?g ,913 ,e_7 ,q_5 ,B_5 ,793 .b19
_TD DEV 3._57 _.0_ _.q_b 2._7B _.90e _._5_ 1.71_ _.qb9 SeT_O
CORR GUEF ,871 .915 ._59 .eS" ._99 _nbl .QB5 .Y}} ,017
OELTA UASPL -._ -1._75 ".II_ "1.5_3 -I._OB -.hi] .8(_ _._}1 _._1
CORN GOEF .q,_ .eS_ ._tt .77q ._11 ._S3 oq_ ,95_ .71b
DELTA OASRL .Y73 l.OgP ",%70 -,_b8 -.1_ I..t!@_ 3.1"8 _._9! $._79
? CORR COEF ,758 ,_1_ ,BBT ,B"_ ,913 mqSl ,qT_ ,_5_ 071_
DELTA UAEPL |,07q ,$9_ ,gb! -,3_5 -t,boe -,_]Y 1,0_1 _,717 3,7_U
Table 11. - Continued.
"
CASE: ,Hkt.CTIlJl n ANGLE
00 7~ qQ 1"'5 l20 ']0 141 0 l~u ltJ,
..._- -
e CO~R tUfF .8('\7 .Q37 ,Hlj ,750 ,~94 .~54 .C11a .'I~~ ,119STU DE'll 4.37C1 i.05Q 2,3341 3,9]9 3,8)9 ~.?q2· 1.5!1 J.HU 5,405OELT. OA8PI.. 1.~'3 .585 -,S C1 O -t,7b1 -3,lUS
-t.'108 ,8b7 2,'Q J i.C1;Si
Q CO~R Ctl!, .8bO .'1Of? ,<250 ,883 .9'40 ,Qttb ,Ql)4 ,1"10 ,801
STU (lEV 3.o~2 2,?7a 1,1'1" 2,185 1. 93c ,,4b~ 2, 16~ a,'I01 44.773
.DELTA UASPI..
-1.28" -1,051 -.t 77 -,3,,0 -.c q () • h1.42 1.410 . 1.14l 1,311
to COR~ CUff ,78L1 ,~Cl\ .q29 ,#:IJ'17 ,~3j .Q1S
.'151 .'Ibt> ,6108TO DEV 3,5 C1 2 t, 81 t 1,377 2,003 c.oq~ 1 • It 02 1,(;1:11 ~,~1" 1;,7~O
OEL. TA OASPL. ,0 8 2
-,82' .330 -,oab -1.030 -.1\7)
-,1 09 -,oal l,ij"7
I
11 CORR CUE~ .C17Q ,.q~A .Q3b ,08 4 ,7tlij .q131 ,q~J .'17'1 0.00(/
ern rJE\f 1,1Q7 2.02/! 1.,,42 3.28~ 2.9~5 4.'e l ) ij,71b 4.'11" 0,001,)
DEL.TA OASPl.. 1,014 1.331 .~12 1 , 1b 1 1.102 J,:4C10 I.l,bqq 4,17b O.oo<J
12 tORR CClEF ,cHQ .Q71 .Qo1 , en 1 .q~$ .t.)Q4
.C1SQ .tjli~ 0.000
Sll) DEV 2.101- 1.Q3f 1.32i .J.c?oH t.7"2 2.155 3.82b /.l.14~ 0.000
N!L TA O.SPL.
-.280 .24n -,125 ,338 ,2b4 \.138 3.35i J.Olfj 0,000
13 CoRk COe.~ ,lQ8 • o 'HI ,q01 ,~50 .1155 .qt;fi ,91'1 ,H~f! .8~l
5TO I)EV b,~4b 2.7b7 2.:3 8 0 2,bU2 2.1:50 ',?f)~ 2,otl i,~7~ 0.qu1
"F.lolA OA5Pl. -,(1513 -,2bCi .~Ub -,671 -1,721 -,f'll':' .258 ,~c4 1.'107
14 CORR c.;UEF ,etl) .72'5 ,qOd ,H52 .933 ,Rq; .7Q~ .~1" .~Oi5TO DE.V 5,923 ~,3i)1 1./.ibO 2,46 1 4,383 1."72 2.u Qq 1. tHu '4,50"
DELTA GASP\"
-3. P 1 ·j.24~ -,4)0 ,18b 2. b 7ti .~5b
-.351 ·,~io .~l'"
IS CO~R C(JEfi .A3!1 .Qa'1 I q/J 1 • ~.H~3 ,I1b7 .Q~a .Q27 .~1-' .91.47STI} OEv 1l,Sb2 1, lJrt? 2,,,58 2,7'iI'J 1. 8 18 1.~lS 1.b29 2.ui~ i.7liQDELTA o.sp\"
-.b21 ,ib1 -,020 -1,765 -1.3bl') -,'538 .l U9 .13~ -.8bc
w
U'1
Table 11. - Continued.
CASE !i1/oif::CTlvlTY ANG!.fi
hO 7'5 ~IJ 10'.:1 120 "So 11.lv 1S0 Ib~
16 Cf'~"'" CUt,,," , Q1 , • ~Hi n • qtHI ,Q/,jQ ,495' .c;b tJ ,ql.ld .Clj~ ,QUij
STfJ UtII' ?,713 2,'3' 1 • ; t 1 2.3t: q 2,2b9 ?Q1b 4,3 0 7 4.~bS C.QSb
DELlA OAS?L.
.02" 1. tl BA •.~80 .3.]b .yqq t,A3 Q i,SOb 2,1J1H ,100
.
t 7 C(JIott( COEF ",000 .8QQ ,Ql<l ,tsqO .<1'21 • rHL4 • q!)1 ,IiSO ,875
8TO IJEII 1l.(lI'lQ 2.2t1IJ 1.Q03 2.1b5 i.IOS t,lllt) 1.7 iJ l C!.lQO 5.050
I)El. TA OASPL. 0.000 -.0 1J 8 .SQ2 -,358 -1,123 -,187 -,01& -,Jil -,3S,
18 CORk COEF o,nno .Q22 .q7l ,qa1 ,96'1 .~6~ .QUo ,<ll!:J .8bie
8TO DE\' O.C'()O t.I.tJ41 2.QS7 2,3Qo 1 , J 1q t,]~a 2,525 C!,~l) ;,a~4
I'El.TA UASPL. (1.000 -.,Q1 -t.3 a7 -.Q79 -.,24 ,830 l,73 Q 1.uo~ 1,Ol~
t Q CoRR COEF .qt\~ ,15~ ,q7~ .QOH .qyo ,CHi! ,QHj ."73 .87Q
5TO O~" 38,LiQr, 3.CS1~ 2.~3Q ",qui? 2. 47 2 2.'75 2,1'1 2.bl1 i,oj,.
.l''lFL TA UASPL. ltJ.~'2 1'.81' 1.Q21 1,(150 1.1"15 1.302 ,lJ27 ·.~ll ,Se!o
20 tnUj;f r.;OEF ,b1l.J ,qor; ,Qq" ,Qol.I ,fi91 ,Qbb .QaO .90': ,8bO
STD ('IE, II 10.03Q 3,801 l.u?l 3.4b Q ~,20b lJ,~93 3,538 :S.Olb j.~7d
tlF:I.TA (lA5Fo'L ItS.tlll 4,012 3.0 4 4 2,SuS i,b27 i. /J Q 1.1 ,8'5& ·.C!o~ i.a~o
2t CClR~ CUf;;F .iCln .Q2~ .Qbt'\ ,Q7. ."'''11 , cHI~ .q'5~ ,en v .Ql0
5 TI) Pc. II 12.blL1 1/.1utJ 'i.1 0 1 4,Q1J2 5,lq9 u,314 j,lJ7 3,jtl S.biU
DE'I..TA t 1A5PL H.Q?, "S.Q!)7 " •• 50 3,~1)~ 3,720 ~ ,Ilfi?
-.2'" 1,200 i.I:t~9
22 Cll~~ CfJE.F ,5~5 .71'5 .071 ,QSO ,lidO .Q7's .Q80 .97 f4 .970
STU r;~ v 12.1?? 4,'57Q 3.~75 J,H3:~ IJ.27b 3,oub 2. lJ /J 2 3,"77 ",5Y"
l)fL. TA OASPl..
-S.5 Q b c,80t 3.S1i~ 2.2Ql 2,tHq ", 003 .3C;2 1,li.tJ a.oll>
23 C{'lRH COErt ,QM~ ,7QO .oS2 ,Q3 U ,fiCll .cHt, .9S3 .'iS~ .9.H
STe Df:,v to,1#'17 1J,21Q :s.,.,84 .5,bSO 1.1,104 3,llS! 3,323 3,777 4.94.1)
OeL1A UASPL -7,oJ1 I,Ofl2 2.0 Q2 l,b9 1J 2,~2j 1.~bO -.029 ./;)4~ i,Ol~
w
en Table 11. - Continued.
CAfjf l)HH:~c.:ll V! TY 4NGLl:.
'~O 715 110 \05 120 '30 l Ll O 150 105
--
-
-
24 CCifHi CUE':;' • ~ 11
• 17 1 .q21 , 'Y In • l~ ~ 1 • CiS.1.I .91!:1 ,1.1,,, ,tU5STO (ltv 1l.q~1j 3.815' I, b 79 2,31'1 ~.~lJ3 ? • til, ~ 2 t1 OQ 2. 111 lJ.qql
OF.L1 A OASPL. ·~.~2q
-1.'" • "173 ,440 1 .2 t b 1 ,~11 .071 -.7DfJ to. tH7
2S r. O~H~ CUEF .115Q .2S; ,Q~O .Q20 ,9tS~ .Q23 ,Cf28 .1.I~q .8et~
STl1 DEV ".ijq~ 1).21 ~ 1, 5 , /~ ?,5S2 2.010 2.10132 2.451 d.Jb'i l4.8Ll7
DELTA rJASPL -tl,nUr;
-3.508 1. ~~9 ",OOb .~3q .~2q .710 .c19 e.Li~t>
20 CM~~ COf,F .H3b ,572 .tlb3 .931 ,Q14 ,quo .Q19 • 1.Ic) 1 .919
~Tl) I; Eo \I 5,O?9 3.Q28 2"Qt 2.';)61J 2. 0 10 2.318 a,6?d 2,.59U 1.tW!)
DELr A t}A5f>L. • 3 • I~ iJ 2 .917 2.7to 1,lbh t.3 Qc t.?oS 1.025 .~qj 1• .5t:tj
i7 r.tlRh C;CE,F .QtJtl .qat' .eSt> 'Q;:Sb .'118 .Q8~ .q(!Q .'Ic!5 .9405
STt) DEV 1• S 7:5 3. 0 £lC; 3,e Lil 2. CHi 5 .3, Of 33 ?nQ?' 2.1 , 0 c.-'34 Li.9~tS
DEI. Tt. OASPL.
-1,2 7 1 -c,'S7 -i.nc7 • P5 Q 1.~t:l5 I • Citi3 1. b:H .'Tle! .817
ct} C()~I-( COEF .°4.10 • qtH) .1.1 4 2 .941.1 ,'140 .07b .Qlb ."1() .q~U
StU l'ItV 2.5l.l1.1 1,302 c.1I'1 2.2~O 3.15b 2.(\02 2.3 lJ b c. Ut;4 4.b,SQ[)EL 1 A UASPI. .3~~ D.!~Li -,5&7 .';u2 1.c!O/j 1.7M2 1.78Q .~l~ l.O ..U
2q COPR CUE-F .fj'~l • (Hll •Q' 1 .°27 .9 4 0 .078 .qh~ ,'lab ,911
5 T!~ (lEv 1 ,'nil 'i.SOil 3.059 J,:3 '0 J.Sbb 2. nLib 1,7~Li ~.7~d S.ZLi'
OEL r.A uASPL
-,1 15 6 -l.Ste. -1.531 -'.133 "l.ell -,213 1.01, 2.lel 1. jltH$
]0 CUkk CLJE;.F .91~ • '17rl .q2~ .~44 .~1:; .077 .0SS .~~~ ,6'~
S'fO [ltV J,O~3 1 .210 2,,,17 3. 0 34 3. MS1 ?,'.11:J 1.7?~~ .5."40 U.Q4C!
Dr.-LT4 (J4SPL 1 • t '1) -,b07 -1.718 .. ?.c!qq -2.3 QI) ·,~3t3 1,Ll~Ll t. Q 7tJ 1.7~tJ
31 CO hi t~ t.ut.r .OIJt.I ,Qor; .~I')b • i ';; 7 ,lj1n .'HrT .QStJ .~cu .81U
~TO fJt: v 3.t h ? 5.(I{,j~, o."!12 h.t33 5.(j(J{J e.l'lb Q 1.715 3,,",41 .1. ij IA 5
DEl.fA UA8Pl. -2.50tJ -l.~Ob .. 3.9b5 -3. tl SC) .i:!.q~C) -,135 1.5 H8 2,t\Q~ i.1Qj
Table 11. - Continued.
CASE ulfoiE(,;TlvlTY A\lGLE
t)C) 75 ~v 10~ 120 11° \ tJ I) 1~(J lb~
. -
COEF .Q6t • q ~tJ .~5b ,Co/qS .Q~~ .qqo ."'til .q~532 eoRH .~1l6
910 O!::v b.tlQ t.I.228 5.12~ tI.bSO t.I.l~c /J.?4l~ u. llM! 3.bSb S.05i
DEI..TA UASPI.. ·\,"72 .(\81 -1,(\11:' ,050 \.ltlij t .1tH 2.Uh9 2.15.5 1.0Jij
3] CtlRR CtlE" .857 ,8b7 ,qU4 .Q05 ,Qbc ,Q60 .Q54 ,'il':S .8 HO
STU DEv ll.I.I tJ 1 4.tl~ ",1 0 3 ,~ .532 5. H1oi 3 2,~~q a.2 Q b 1.~o~ l.f.a~q
DEL.1A UASPI. -t,t3 /1 2- 1.3Qp -1,1 40 ., .hl M 2,J~q7 \,LluH -.''!b -,.\lii'4 -,bieS
CASE CJIRECTlvlTY AN(;LE
00 qn \ () iJ \10 120 \ 31) lUO l~U \00
34 eOFifi COEF .715 • ~ 2 iJ .pOS • ;353 .Q72 .qLln • qR I) ."Ill,j ,b d :"
aTP llEV lJ.)02 4,bl' 5,o13b tJ.e15 2,813 ?:H2 1.3f')$- 2,c7H b,boi
DEL.TA OA5PL. ·2,,-,02 .2,SQ3 -i,7)l)
-2,b!b ·~,aoc ",Ab2 .355 1,1)7 1. a\,)9
3S CORH COEF ,8A] • (UJ3 ,q12 .QS3 .'1d4 • t)b~ ,q" 2 ,U/~ ,8i75TD l'EV 3.3151 3.173 3,Q52 J.H54 3.u 75 2.Q07 e,A!? 2,1.1 q 1.1 5,9'17OEl.TA rJASPI,. -4, t~23 .2.088
-3.1.'31 -3,«\3
-3. oti j .2,QQ7 -1.0'51 -,U24 ·1.2·'~1
36 CORR COEF .Q73
• ~b 1 ,Qh4 .q7~ ,Qbq • '145 ,8 7 {~ ,~JCI ,8~1BTD OEV 2,22Q 2.AbQ 2,q80 3.827 !.5b~ 2.Q75 e.b11 !.2~~ S.st!ttOEL.lA tJASPL. "2.131 -a.:§31 -I,ASt! 03.305 -3.t.4aQ ",,~,131 ''1. 2 :H~ -.~Si:: ·1.31.~b
37 C:OR~ tOEF ,631 .qC;h ,qLlS ,9be ,'137 .Q31 ,8J;3 .1\jtl ,1"1.1
aTD OEV e,a 8s 2,~ql 3.2 0Q 4,033 d,uQ7 (l.1I0~ L1,010 f,J,:H~ 5,b'it;DEl.fA OASPL.
-2,i'l57 ·~,221 .. l,1b7 -3.7Q4 ·~.ZOb .IJ , ,,~ s "2.n?~ "l.dlY ·l.q~q
:S8 COPR tOEF ,S82 .Qa7 .qtJ1 .GS5 .Q 4 2 ,ql" .JS20 ,bQ'J .5~b8TO DEv tl a1 tc~ i.51~ 3,0 11 3 3. Y30 5.03~ fl,t57b U,2!18 U,Ll"q S,q~b
DELlA OASPI.
-b. 31' II -1.8~O -1,7 76 ""3,80) .t.i.~Ot.i .4,''1'': "2.750 ·,,~71.l ·c,07~
,
co Table If. - Continued.
CA_E OIRE_TIVITf A_GLE
_0 q_ I0_ 110 I_ _30 I_0 150 IbU
II
_TO O_V _,77_ 3,13a 3,608 3,181 1,737 1,_37 _,!30 3,67_ _,_1
_ELIA UABPL -.70_ ol,Sb_ -._TB m],b2q _]._b -._7q ,Q_b _,17b. _,7"0
_0 _ORR C_EF .qTe ,g3_ ,qJq ,9_ a ,967 oqSS 1871 ,eSO .7_q
STD OEv 1,917 2,607 3,1g_ _,391 ],_00 _,719 _,g_7 3._WI W,70_
bELT_ O_SPL -,8B7 -1,177 ",71g _o3g7 -_,_1 =_,_50 =,_0_ oO0_ Io10O
_1 _{}_R COEF ,Q3S ,q?o ,o_9 o977 o95q ,037 ,_bb ,_0_ ,_9_
DELTA UASPL "_,)78 "1._q9 -I._0_ -_og37 "3,15_ "_,168"i,]_9 -I,_}0 "_,3_
8TO DEV" 3,1Z7 'ZoTO_! 3,_7 3,eau 3.e73 3,M_o 3,e71 a,_ea 5,_0
8TD DEV 3,e_O _,B3q 3,]"_ 3,57E 3,_e0 _o_2_ 3,0e_ _o10b 5,_7
STD DEv 3.0_? _,Ia_ a.,37 _,e_3 _.365 ]oX_4 l,_q_ 3,e_e Dobbs
_ €ORR _DEF ,_0_ ,q_? oOO" ,957 ,90_ ,_73 ,q37 ,e_b ,777
_TD DEV _,7_ _,_0 3,_57 3,_3b _,O3_ _,0q_ _,0_b 30737 5,0_3
DELTA uASP_ "2,_3 -_ola2 "_.37Q "_,_81 -_o_78 -_,_0_ .0Qb 100_ 10]_3
_ CORR C[)EF ,q_q ,gS? ,q30 ,_2 ,_Ib ,_18 ,q05 ,_01 ,8_8
STD D_V 1,()_ !,5_ _opYO _,Sbl _,17_ _,h_] 3oOg_ _,h_5 5o3_g
Table II. - Concluded.
TABLE 12.
COANNULAR JET FLOW PROPERTIES FOR WIND TUNNEL DATA,CASES.
CASE MODEl. liE Vt!/V1 Tt Te ~1 w2 VI v2 Pl/PA Pi/t'A VA
MIS DEG I'( DEG K KGIS KGI8 MIS "'15 M/5
1 1 I~ 0~,6 l~Sb~ 3q2.~ 31t R.7 ,3qo ,b4Q JOO.2 U10.b 1',530 3.i07 tOl.5
~ ., Jhq.~ 1.li3~ 3Q1,6 3q 1. 5 ,3QO .u94J ?Q7.5 4;tb.1 '.1508 2.505 tot.e
1 ., LJsq. tl l,8'Q 1ioa.b 51 7 .0 • li 1. 3 .5L14 ~Ob.~ 515.5 1.t;3Q 3.,111.l 31.1
~ , US 1l,t t.Ql!1 ~8q.3 sqo.(J • '41 3 .503 2Qo ., 5AQ.9 1.530 3.199 61.]
5 1 (U~t'l.6 2.oe~ q 02. I #.)qc,c .417 .OQU 'Ol.l.~ b~Ct.3 1,533 3.2°1 31.1
6 ., IH31.!J ;a~Ofq l~n8.2 oQI;.7 ,408 • ~ 7i~ ~O/J.8 b'~.J ',523 3 ••HS bl.9
7 ., 112u.A 1,<)08 1.1 (\ 1 ,S 7 ('I t ,5
• Ll11 .349 3110. 5 513.3 1.5115 a.S11 bl.b
B ., LJ2tl,I 1.00n 3QlI.3 103,7 ,417 .352 3U1.A 573.3 '.!)3! a.sO) ]O.~
q ., 413.3 2~\c;Q 38B,7 ','5.q ,3Al .ull f!9S.li b~1.o ,~ 13 1/1 3.212 129 .5
t 0 ., 4 f o. I 1 • q t il 3Sl 2. , 6q 1.5 .3 0 0 .322 ~q6.6 S~7.5 1.t;30 Z.Q4S 129 ,5
, 1 7 112? S 1,Q/J3 38b.5 1f'lS.4 .395 .331 2'15.4 573.Q "~517 a.50l 103,0
, ? A 'H3.
'
2 ~ 1 1 ;;: ~8q ...3 7r.2.b .3uO .sq(J ~OO,R "'5.5 1.S38 3.20U 31.1
13 p. c;Cl7.iJ 2·, t t 8 3(.) 3 ..2 6 Q fj.2 .35Q .5tiS ?Q9.0 b~3,4 t.S22 3.203 (, t, b
tLi 8 OSq.1 1,924 3Q5. L1 7(\8,7 .331 .454 ~qq.3 575.8 l f 51 9 i.50l:) bl,31'5 Fl tl'55,b '~Q1C; JQti.3 bt7q.~ .340 .458 298.1 1512.t '.IJtQ i,507 30,8
1b A uQ1,/J 1,"'3 403.2 S~'l.8 .30 Ll .bLlO 30!.~ SAO.b 1.S2b 3.200 103.&
17 R 515.6 2.nh9 IJ/)1.1 11'15.4 .2Q-; .5°8 :301.5 b3b.~ 1.536 l.Z(!l 130,5
'8 ~ ;to.2 2'. (J f\ 9 1.j(12.1 71'\2.& .30ti .52b 3lHI • ?- b~S.5 1'.53~ 3.201) ta3.e
19 A lJS3.L1 t.Qn~ ~q3.1 7f17.1 .308 .~Oti ~q9.q 5'O.b 1~52b i.4bo 105,9
20 A L155. a 1.q~& 388.7 7t)Q.:S .299 .390 2Q7.f\ 57b.L1 1,525 a,511 li9.ts
?1 ~ lU~2. 2 1.q~; 31 9 .3 SA5'9 , 34~q ,670 29ti.1 5,9 •.1 l.IJi' 3.i05 &1.3
22 A 1.188.6 1~9'5tl 381.1 SQS.4 ,3'.JS ,l\RS j?qq.1'l SRlol.] 1,533 :s.ilS 29 ,9
...- _ ..
TABLE J3.
SPECTRAL COMPARISON PARAMETERS FOR WIND TUNNEL DATA CASES .
.. .... - ... •• 0 .•••• _ •• _"_ ." ••
..
CAl! OIRECTIV!TY ANGLE,,, 8(\ 90 100 110 '20 130 l~O 150
t CORR COE!' .CJ11 ,98t? ,~1q .91 0 ,'0158 .qbb .953 .Q1S ,88~
STOD!V 1.112 1j~6]8 b.q 4 5 5,n34 ~.851 5.1 Ql 8,ic;, C#,l]b 9.22l
D!LTA OA8~l.. .1.q3~ -2.']3 ·l.~b] -,11' -,83Q -.!]1 _.9 cn .t.li5 -,,,,7
2 CORR COEF .ClQU ,Q3n .qll> .902 .843 .A70 . .184 .1~3 .• 6' Q
81D oEV fl.!P\Q b,A5' 7.,.Qt 1.102 b.0 8S "',702 9.1£17 t o,2cn 10,553
DELTA OA5Pl.. "3.417 -1,59~ .lJ'4.1 .953 .011 ,'72 -1.11/,1 .1.8iO -1,389
J coRR en!!' ,Q34 ,Qbn ,9b7 .Q,,1 ,918 ."4.15 .85b ,CJ43 ,cU9
8TO OEV 3.155 3.0ns 2,R Q1 ~.lI)A i. U81) 1.Q02 2.5 R9 i,74b 4.981
OfL.:L.TA 04SPL -3.\Ob -a.:H6 .'.tq~ -.791 -t.iS1 -1.40*' -2.145 .549 2.5Q'
1.1 CORR cne;F .QOb .Q41'l .Qb4 .93Q ,8Au .Q18 .837 .qOb .9ilQ
ST!" D!Y 2.9"5 2.A1~ 3.1""2 2.12 0 2.'08 2.L11! 3,118 2,729 4,1 U9
nF.LTA OASPL
-3. 90 1 -2.963 -1,5 9Q -1.231 ,-1,3 4 ] - t • ina -a.50c ... 311 2,827
~ r.o~R COEII' ~q2L1 .~i.lq .q)9 ,929 ,847 .Q18 .CUb .957 .'140
8TD DE\' '!,o~o .2. HSP. i.,Ob 2.34 5 2.7 A7 2.~43 i.1/~4 2.b4 9 5.1110
I'I!LTA OASPL
-3,""8 .i• .", ·l,~O1 -l.SQO -2,159 -2,"08 -t.739 .077 a.alS
6 CORA CO!, ~cH13 ,Q37 '.q~5 .8«;0 ,lUi .A8S .«;15 .Q43 • cH Ci
8TO DEY J.008 i.81". 3.t7l 3.008 3.i9Q 3,035 2.018 a.111 5.0ltl
D!t.TA OASPL -3~8"e -3,01' -1.b61 -1,5'" -i.030 -2.tl53 -2,047 -.317 2.4 4 a
, eoRR COE' .'lIS ,Q04 .811 .7«;b ,753 .882 ,'l28 .9'14 ,fi2l
STD O!V 1.215 i.b411 l.b iolct J.1b2 3,581 3.~25 2,bOl :I,loa s.o!lO
n!LTAOASPL -t~~'~ -,370 -.lBl -1.4!8 -2.iS) -2.'20 -2,1 9 8 -,448 2.07)
Table 13. - Continued.
CAS~ DIRECTIVITY 4 NGLE
70 80 qO 100 110 120 130 l~O 150
8 CO~~ CQEF ,QSB ,Q4Q ,Qtq .848 .'7~4 • ql1 .fiSu .959 .9t!~
!TP OEV
.2.' lJ 1 2.10~ a.~!9 3.001 3.JQi t'.91'S 2.2 A7 2.303 4.43~
0&:\..14 OASP\.. "1.089 -1.100 -1,0 92 -2,230 -3.008 _3.tQ1 -Z.11 4 -,Oo~ 1. «HO
q CO~Hi COE' .85& .Ci?2 .qOO .821 .125 ,~28 ,878 ,7b8 ,773
S11) ('Ii Ii 6,Jlb 5.#:119 1,10b b.35~ 5,'738 •• :!82 10.'71.l7 11.1,370 14.7 Q l
"~LTA I'JASPL -S.Olfi -3.!'H -Z.2t;3 ti~.024 -2.010 _2.'49 -3.491 -3.21 0 -,74 5
10 COQ", COEF .85b ,7b7 .739 .#.)b7 ,0152 .AOq ,809 .59Q .031
STO oEv 8,0 14] '.171 7.317 b,Zt' (J,t/f)? 1.:H2 '.2.3 9 1 IS.eo] U4 .11't~
t)F.LTA .OASPL _'.8 0 1'! -,~Ot .,. :) -,9'38 .. 4 U;:SQ .~.185 -S.nS2 ·S.1Qb ·i,b~1.
, t C~~R COEF ,8 9 1 . .AQ5 ,~OS . • 71 t ,Q~~ .~35 ,90& .9i3 ,879
8Tt') OEV u.41S 5,O9l 6.113 t.I."S2 5.018 4,tl15 8.Sb) 10,055 9,025
nELTA OASPL.
-I.?'\(' -.Oe1 .,Uij -1.1(1" -2.053 -~,IHiJ -l.137 -2.034 .383
\2 eoRR CO!r> ,818 .Qi('l .Qbb .Q75 .Q22 .Q5b ,9<;2 • <Itt 7 .95~
810 O€V 1.'112 3.0"\ a."qt 1..988 2.4Qa t.~18 1.15 14 1 2.874 5.303
f)~LT. OA6PL -2.ij11 -1.QS1
-1.t2a -1.210 -1.063 .. 1.1558 -,A03 .5~7 2.070
t 3 cnRR cnEF ,rlbb .Q02 ,958 .qbO .8 q 4 .113b .9'7 .Q8i .eus
STD I)EV 3,01'8 J.rJ2h i.h5b 2,31 4 !.C!08 2.481 2.961 3.?~1 5.383
n~LTA ClASP\..
-3.281 ..2,atl -S.l:l29 .1.iQ3 -,q08
-1.11 4 -.8b3 .51' i.71l
,lJ C:OPR COE' .9?2 .Ql0 ,q04 ,Qo3 .80b .Aqq .967 .Q7tJ .Q1Q
Sf!) DEV ~.OhO 2.1]f.! 2.297 2.u"Q 3.7l~ 2.173 2.031 1.11& 5.&33
/''IF.LTA OASPI., .).'5i'-b .d .49 Q -.~83 .. ,44'S -.5&5
-'.R"'? -1.0110 1.27i! 1.820
'5 coRR CO!F .~21 .891J ,AB' .910 .fH4 .~ 1t ,9&0 " CiSti .908
STO nEV 1~552 3.;-01 2,1159 2.bJ5 3~lS1 2.1]3 a,035 2.60 0 4.805
!)FoLTA OASPI. ~4,1'51 .3,201; -1,9 09 -e,2,,2 -2.4182 _2.A\1
-t.S3i -.191 1 ,1~85
Table 13. - Concluded.
CAS! OIRECTIV!TV ANGLE
10 an ClO 100 110 12 0 130 l~O 150
~'-
- .
... _.. - - .. .. ,
lb eORR ~Olfi .Q n3 .tI]t .q1b • 'JM~ .~:B .CJ4e. .979 .9/ib .qi!S
STO DEV 5.'156 ij,S8] 5.052 3,654 t.4.028 4.350 7.0~O 8.3~S 9.7 0 3
OF.LTA OASII\.. -2~cuCl -t.S23 -.l bO -,OIJ2 .~:Sb .648 .1J7S 1.410 :s.1~1;
11 eop~ COE" • Ah l .QiS ,Q58 .q38 .esc ,AQb ,quA .q~8 ,877
STr> OEV '7.ut~ 7~'500 7.\15 6,423 5,132 5.303 to.3 Q2 11.ql~ t 1.01 1
/')~LTA OA8PL
-!.b7h _i!.lI8A -,Q18 -t.tqq -,7 UO -.A1 9 -2,062 -.B21 1.Q89
18 cnPR COEF .8b#} .Qla .Qb2 .Q1J8 ,8b~ • ell? ,Q63 .'ibt; ,8q~
SfD OEV ·5.314 3.52f,. l.l,q90 3.32 Q tJ.~4b tJ,~11t 1.034 a.bl U Q,Q63
O!l.'tA t'lASPl,. _],tlt~ -2,t80 -,Qle -t,172 -~788 -l,t15 -1.1.£03 ,Obb i,261
Pi CaRR COE~ .922 .Po1' .~1)3 .8]b ,1 4 5 ,1:\0" .qtJlJ ,901 .922
STt) DEV t.l.'bb 4.13n b.i'Q? 3,842 4.0QU S.U,O 9.2 UO tn,b)l 10,183
O!lTA OASllLo
-3.1 u2 -l. Qt'i -.tJ19 -.Q22 -1.1 80 .1.Q2b -2.077 -.6~1 l,]Q~
20 eORR C('If' ,908 .~qO .A18 .7Q4 .128 .851 .&51 .L1~tl
.88 'ern DEV .a~b31j c.q",- ".A3Q 7.231 5~e7\ b,~11 '.l.tA] 14.893 t2.aOi
O!t..TA OASPI. .4.35! -2.3]B -1.tb6 -t.2A& _.tiQb -t.AO] -L1,OQ2 -1.7tl8 .21l4
l' eOR~ CO!!, ,Q07 .'140 .q?l .qsq .Q2b ,Q53 ,Qfl~ ,979 .Q14
Sf" OEv 1,361 2.Qaq i,p,B? 2,1.132 .3. 147 2,:Hl 1.8'#2' 1,"~1 ~.118
OfI.T" OASPL, -S~lbb .2.27Q -,Q01 ·'.IS5 .,54S ·.b]~ -.237 .diu i.sqe
22 eoRR C(lEF .~1" .QLl5 .Q71 .9!i" , cnq ,Qbb ,QQi ,97~ .927
eTr> OEV 3.I,Q, :S.(lt~ 2.b12 t,q3" 2.ilQ t.beq l.!tq 2. cIIO 5.321
n!I.TA OASPL .3~1~'J -2.4ln -t.tI4 .t.l,,*' _./ibO -t,1')55 -,261 .90V 2,t75
4_
L T
O.lOlm O. 35 m
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<--- O.033 m
Figure I. -0.75 Area ratio static test coannular nozzle - model 2.
• i1"1 ii/./ "" T
0.091 m 0.135 m
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Figure 2. -1.2 Area ratio static test coannularnozzle - model 3.
Figure3. - 0.647Area ratiostatictestcoannularplugnozzle- model4.
i 0.043m 0.060 m
/////////S
0.017 m
Figure 4. -0.75 Area ratio wind tunnel test coannular nozzle - model 7.
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O.038 m 0.060 m
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FIGURER2 ": SPECTRRCOMPRRISON..EOBtCRSE3.
(E] DIRECTIVITYRNGLE= 150 DEGREES
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FLOW PROPERTIESFOR CRSE 5
NOZZLEMODEL 2
•._ FORWRRDFLIGHTVELOCITY,VR = 0.0 M/S
TEMPERRTURE VELOCITY HRSS FLOW PT/PR
TT, DEG K V, HiS W, KGI8
PRIMRRY 3B?,O 296,5 2,29?4 1,5200
8ECONDRRY 705.3 468,? 1,4809 1,8000
EQUIVRLENT 511.8 364,0 3,??84
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FIGURER3 • 8PECTRRCOMPRR.ISONFOR CRSE 5
{R) FLOW PROPERTIESRND DIRECTIVITYPLOT
86
110 ; , i I , i , , i, , i 1, i , , i , , i, , I j, i , , i i , i i ,
100
SO
8o
70
60
50 JET ONLY _
.... JET.+ SHOCK
_0 , ! !,, I I, I,, I,, I, i ! ! , I,, I,, I,, !,, I _,
31 63 125250 500 IK 2K _K 8K 16K31K 63K 125K
FREQUENCY,HZ
FIGUREA3 • SPECTRACOMPARISONFOR CASE 5
{B} DIRECTIVITYANGLE = 60 DEGREES
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FIGUREA3 • SPECTRACONPARISONFOR CASE 5
{C) DIRECTIVITYANGLE= 80 DEGREES
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FIGUREA3 • SPECTRACOMPARISONFOR CASE 5
(D) DIRECTIVITYANGLE = 120 DEGREES
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FIGURER3 • SPECTRACOMPARISONFOR CASE 5
(E) DIRECTIVITYANGLE = 150 DEGREES
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FLOWPROPERTIE8FORCRSE7
NOZZLEMODEL2
FORNRRDFLIGHT VELOCITY,VR= 0.0 M/8
TEMPERRTUREVELOCITY MRS8FLOW PT/PRTT, DEGK V, M/S N, KG/S
PRIMRRY 413.1 308.6 2.2493 1.5300
8ECONBRRY 1077.0 783.0 2.2334 3.2100
EQUIVRLENT 7£3.8 550.5 £.4828
REFERENCERRDIUS= £5.7 M
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FIGURER_ • SPECTRACOMPRRISONFORCRSE7
(R] FLOWPROPERTIESRNDDIRECTIVITYPLOT
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FIGURER_ • SPECTRACOMPBRISONFOR.CASE7
(B} OIRECTIVITYANGLE= 60 DEGREES
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FIGURE A_ • SPECTRACOMPARISONFOR CASE7
(C) DIRECTIVITY ANGLE: 90 DEGREES
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FIGURER4 • 8PECTRRCOHPRRISONFOR CRSE?
CO) DIRECTIVITYRNGLE = 120 DEGREES
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FIGURE R_ • SPECTRRCOHPRRISONFOR CRSE ?
CE) DIRECTIVITYRNGLE= 150 DEGREES
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FLOW PROPERTIESFOR CASE 8
NOZZLEMODEL2
FORWARDFLIGHTVELOCITY,VA = 0.0 HIS
TEMPERATURE VELOCITY NABS FLOW PT/PA
TT, DEG K V, MIS N, KGIS
PRIMARY 413.7 303.3 2.2634 1.5400
SECONDARY 1065.8 708.3 1.72_5 2.4800
EQUIVALENT 6_5,7 482,2 3.9879
REFERENCERADIUS= 45.7 M
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FIGURE A5 • SPECTRACOMPARISONFOR CASE8
"(R) FLOWPROPERTIESANDDIRECTIVITY PLOT
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FIGUREA5 • SPECTRACOMPARISONFORCASE8
(B) DIRECTIVITYANGLE- 60 DEGREES
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FIGURE A5 • .SPECTRACOMPARISONFOR CASE8
(C] DIRECTIVITY ANGLE- BO DEGREES
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FIGURER5 • SPECTRACOMPARISONFORCASE8
(O} OIRECTIVITYANGLE= 120 DEGREES
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FIGURER5 • SPECTRACOMPARISONFORCASE8
(E} DIRECTIVITYANGLE= 150 DEGREES.
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FLOHPROPERTIESFORCASE15
NOZZLEMODEL2
FORHRRDFLIGHTVELOCITY,VR = 0.0M/8
TEMPERATUREVELOCITYMASSFLOH PT/PR
TT, DEGK V, M/8 H, KG/S
PRIMARY BOB,? _31,2 1,5685 1.5300
SECONDARY 907.0 653.1 1.8456 2.5000
EQUIVALENT 861.8 551.2 3._1_1
REFERENCERADIUS: 45.7 M
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FIGURER6 • SPECTRACOMPARISONFORCASE15
(R) FLOHPROPERTIESANDDIRECTIVITYPLOT
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FIGURER6 • SPECTRACOMPRRISONFOR CASE 15
(B) DIflECTIVITYRNGLE= 60 DEGREES
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FIGURER6 • SPECTRACOMPARISONFOR CASE 15
(C) DIRECTIVITYANGLE = 80 DEGREES
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FIGUREA6 • SPECTRACOMPARISONFOR CASE 15
(O) DIRECTIVITYANGLE = 120 DEGREES
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FIGURE A6 • SPECTRA COMPARISON FOR CASE 15
(E) DIRECTIVITY ANGLE = 150 DEGREES
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FLOW PROPERTIESFOR CASE 21
NOZZLEMODEL2
FORWARDFLIGHTVELOCITY,VA = 0.0 M/S
TEMPERATURE VELOCITY MASS FLOW PT/PR
TT, DEG K V, M/8 N, KGIS
PRIMARY 820.9 620.8 2.5809 2,5000
SECONDRRY 708.I 637.5 2.8818 3,1800
EQUIVRLENT 763.6 629.5 5.2426
REFERENCERRDIUS= 45.7 M
130 ' I ' I ' I ' I ' I ' I ' i
120
llo _ oio0
_. - o
so
i
Q
80 0 MEASUREDDATA mw
JET ONLY70 -
_ JET+ SHOCK .
60 , I , I , I , I , I , I ,
30 50 70 90 II0 130 150 170
DIRECTIVlTYANGLE- DEGREES
FIGURER7 • SPECTRRCOMPARISONFOR CASE 21
{A) FLOW PROPERTIESAND DIRECTIVITYPLOT
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FIGURER? • SPECTRRCOMPRRISONFOR CRSE21
(B} DIRECTIVITYRNGLE= 60 DEGREES
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FIGURER? • SPECTRRCOMPRRISONFORCRSE21
{C] DIRECTIVITYRNGLE- 90 DEGREES
99
110100_' I i' I _ _ t I I I t' I' _ I H I I I I* I I' _ I I ' I i '-.......
ao ..._ooOO "_COoo%
oo _ooO-70-
69 -
_ 0 MEASUREDATR
JET ONLY50 I- JET + SHOCK
_0 I i,ll, I,,I,_l,,I,,I,,ll, 1,11,!1_,1,,
31 63 125 250 500 1K 2K _K OK 16K 31K 63K 125K
FREOUENCY,HZ
FIGURE R2 • 8PECTRRCOMPRRISONFOR CRSE21
(O) DIRECTIVITY RNGLE= 120 DEGREES
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FIGURE R? • 8PECTRRCOMPRRISONFORCASE21
.(E) DIRECTIVITY RNGLE= 150 DEGREES
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FLOWPROPERTIESFORCASE22
NOZZLEMODEL2
FORNRRDFLIGHTVELOCITY,VR = 0.0 M/8
TEMPERRTURE VELOCITY MRSSFLOW PT/PR
TT, DEG K V, MIS W, KG/S
PRIMARY 829.2 62_.2 2.3763 2.5000
SECONDRRY 1099.2 865.3 2.?836 _.0400
EQUIVALENT 97_.9 75_.2 5.1600
REFERENCERRDIUS= _5,7M
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FIGUREAS • SPECTRACOMPRRISONFOR CRSE 22
(R) FLOW PROPERTIESAND DIRECTIVITYPLOT
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FIGURER8 • SPECTRACOMPARISONFOR CASE 22
(B] OIRECTIVITYRNGLE= 60 DEGREES
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FIGUREA8 • SPECTRACOMPARISONFOR CASE 22
(C) DIRECTIVITYANGLE= 90 DEGREES
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FIGURER8 • SPECTRACOMPARISONFORCRBE22
(D) DIRECTIVITYRNGLE= 120 DEGREES
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FIGURER8 • SPECTRACOMPARISONFORCASE22
(E} DIRECTIVITYANGLE= 150 DEGREES
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FLOW PROPERTIESFOR CASE23
NOZZLEMODEL 2
FORWARDFLIGHTVELOCITY,VR = 0.0 M/S
TEMPERATURE VELOCITY MASS FLOW PT/PR
TT, DEG K V, M/S W, KG/S
PRIMARY 812.0 810.8 2.8088 2.4500
SECONDARY 1053.1 715.6 1.6841 2.4800
EQUIVRLENT 522.3 651.5 4.2527
REFERENCERRDIUS=.45.7M
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FIGURERS • SPECTRRCOMPRRiSONFOR CRSE 23
(R) FLOW PROPERTIESAND DIRECTIVITYPLOT
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FIGURER9 • SPECTRR COMPRRISONFOR CRSE 23
(B) OIRECTIVITYRNGLE = 60 DEGREE8
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FIGURER9 • SPECTRRCOMPRRISOr_FOR CRSE 23
(C) DIRECTIVITYRNGLE= _ DEGREES
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FIGUREA8 • SPECTRACOMPARISONFOR CASE 23
(D) DIRECTIVITYANGLE = 120 DEGREES
110
100
8O
° /Q 80
S 70 -
60
- 0 MEASUREDDATA
50 - JET ONLY _
JET + SHOCK
_0 ,,I,,I,,I,,I,,I,,I,, I,,I,,I,,I,,I,,
31 63 125 250 500 1K 2K _K 8K 16K 31K 63K 125K
FREQUENCY,HZ
FIGURE A5 • SPECTRA COMPARISON FOR CASE 23
(E) DIRECTIVITY ANGLE = 150 DEGREES
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FLOWPROPERTIESFORCASE28
NOZZLEMODEL2
FORWARDFLIGHT VELOCITY,VA = 0.0 M/S
TEMPERATUREVELOCITY MASSFLOW PT/PR
TT, DEG K V, M/S W, KG/S
PRIMARY 1077.0 50_,1 1.3662 1,5_00
SECONDARY IOB2.6 ?S2._ 2.18_S 3.1900
EQUIVALENT I080._ 681.5 3.5511
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FIGURERlO. SPECTRACOMPARISONFOR CRSE 2B
(R) FLOW PROPERTIESAND DIRECTIVITYPLOT
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FIGUREAlO. SPECTRACOMPARI80NFORCASE26
(B) DIRECTIVITYANGLE- 60 DEGREES
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FIGUREAlO. 8PECTRACOMPARISONFORCA8E26
(C) DIRECTIVITYANGLE: 90 DEGREES
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FIGUREAlO. SPECTRACOMPARISONFOR CASE 26
(D) OIRECTIVITYANGLE- 120 DEGREES
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FIGURE AlO. SPECTRACOMPARISONFORCASE26
(E) OIRECTIVITY ANGLE= 150 DEGREES
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FLOW PROPERTIESFOR CRSE 32
NOZZLEMODEL3
FORNRRDFLIGHTVELOCITY,VB = 0.0 M/S
TEMPERRTURE VELOCITY MRSS FLDN PT/PR
TT, DEG K V, M/8 N, KG/8
PRIMRRY 389.2 299.0 1.8225 1.5300
SECONDRRY 702.0 318.8 1.08SO 1.3000
EOUIVRLENT 506.2 306._ 2.9116
REFERENCERRDIU8= _5.7 M
130 ' I _ I ' I ' I ' I ' '
120
110
_I00
80
. 0 MERSUREDDRTR .
?0 JET ONLY _
.... JET + 8HOCK _
60 , I , I , I , I , I , I ,
30 50 ?0 SO 110 130 150 I70
DIRECTIVITYRNGLE- DEGREE8
FIGURER11. SPECTRRCOMPRRISONFOR CRSE 32
(R) FLOW PROPERTIESRND DIRECTIVITYPLOT
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FIGUREAll. SPECTRACOMPARISONFORCASE32
(B) DIRECTIVITYANGLE: 60 DEGREES
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FIGURE All. SPECTRACOMPARISONFOR CASE32
(C) DIRECTIVITY ANGLE: 90 DEGREES
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FIGURERll. SPECTRRCOMPRRISONFORCRSE32
(D) DIRECTIVITYRNGLE= 120 DEGREES
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FIGURERll. SPECTRRCOMPRRISONFORCASE32
(E} DIRECTIVITYANGLE= 150 DEGREES
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FLOW PROPERTIESFOR CASE 33
NOZZLEMODEL 3
FORWARDFLIGHTVELOCITY,VR = 0.0 M/S
TEMPERATURE VELOCITY MASS FLOW PTIPA
TT, DEG K V, MI8 W, KGI8
PRIMARY 843.7 441.6 1.22S6 1.5300
SECONDARY 1079.8 858.9 3.4141 4.0600
EQUIVALENT 1017.3 748.4 4.8438
REFERENCERADIUS= 45.7 M
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FIGURERI2. SPECTRACOMPARISONFOR CASE 33
(R) FLOW PROPERTIESRND DIRECTIVITYPLOT
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FIGURER12. SPECTRACOMPARISONFORCASE33
{B) DIRECTIVITYANGLE= 60 DEGREE8
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FIGURE AI2. SPECTRA COMPARISON FOR CASE 33
(C) DIRECTIVITY ANGLE = $0 DEGREE8
ll4
FIGURER12. SPECTRACOMPARISONFORCASE33
(D) DIRECTIVITYANGLE= 120 DEGREE8
110 , ' I1_(L;_4$_E'__I_ III _I I I '_ I_ _ I _ _ J_ " _-_'"T __ _ i, ,,
1O0 __ --_=.----.0
c_ 80 -
._1
a_ 70 -
O3
60 -
0 MEASUREDATA_
50 - JET ONLY _
- JET + 8HOCK _
LiO ii I,, Iii II, I i t I i, I,t I,w Ii, I,, I iill i
31 63 125 250 500 1K 2K LtK 8K 16K 31K 63K 125K
FREQUENCY,HZ
FIGUREA12. SPECTRACOMPARISONFORCASE33
(E) DIRECTIVITYANGLE: 150 DEGREES
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FLOWPROPERTIESFOR CASE 34
NOZZLEMODEL4
FORWARDFLIGHTVELOCITY,VR = 0.0 M/S
TEMPERATURE VELOCITY MASS FLOW PT/PA
TT, DEGK V, M/8 N, KG/8
PRIMARY 282.2 253.8 4.7391 1.7820
SECONDARY 543.3 445.2 2.4838 2.0480
EQUIVALENT 372.0 347.2 7.2230
REFERENCERADIUS= 45.7M
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FIGURER13, SPECTRACOMPARISONFORCASE3_
(R) FLOWPROPERTIESANDDIRECTIVITYPLOT
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FIGURER13: SPECTRRCOMPRRISONFORCRSE3£
(B) DIRECTIVITYRNGLE= 60 DEGREES
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FIGURE R13, 8PECTRRCOMPRRISONFOR CRSE3tt
[C) DIRECTIVITY RNBLE= SO DEGREES
ll7
FIGURER13. SPECTRRCOMPRRISONFORCRSE3£
(D) DIRECTIVITYRNGLE= 120 DEGREES
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FIGURE R13. 8PECTRRCONPRRISONFORCRSE3£
(E) DIRECTIVITY RNGLE= 150 DEGREES
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FLOW PROPERTIESFOR CASE 38
NOZZLEMODEL 4
FORWARDFLIGHTVELOCITY,VR = 0.0 HIS
TEMPERRTURE VELOCITY MASS FLOW PT/PR
TT, DEG K V, M/S N, KG/S
PRIMRRY 80_,4 _24.5 2.3215 1.5090
8ECONDRRY 1087.2 8_5.5 3.2758 3.8770
EQUIVRLENT 969.9 670.9 5,5977
REFERENCERRDIUS= _5.7 M
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FIGURER14. 8PECTRRCOMPRRISONFORCRSE38
(R) FLOWPROPERTIESRNDDIRECTIVITYPLOT
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FIGUREAl_. SPECTRACOMPARISONFOR CQSE38
(B} DIRECTIVITYANGLE = 60 DEGREES
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FIGUREAI_. SPECTRACOMPARISONFORCABE38
(C) DIRECTIVITYANGLE= SO DEGREES
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FIGUREAl_. SPECTRACOMPARISONFOR CASE 38
(D) DIRECI'IVITYANGLE= 120 DEGREE8
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FIGUREAl_. SPECTRACOMPARISONFOR CASE 38
{E) DIRECTIVITYANGLE= 150 DEGREES
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FLOWPROPERTIESFOR CASE 43
NOZZLEMODEL4
FORWARDFLIGHTVELOCITY,VA = 0.0 MIS
TEMPERATURE VELOCITY MR88 FLOW PTIPR
TT, DEGK V, M/S N, KG/8
PRIMARY 288.8 259.0 4.7165 1.7560
SECONDARY 648.8 606.8 3,5233 3.1750
EQUIVRLENT 442.B 430.6 8.2408
REFERENCE RADIUS = 45.7 M
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FIGUREI:L15.SPECTRRCOMPRRISONFOR CRSE 43
(R) FLOW PROPERTIESRND DIRECTIVITYPLOT
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FIGURER15. SPECTRRCOMPRRISONFORCRSE_3
(B) DIRECTIVITYRNGLE= 60 DEGREES
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FIGURER15. 8PECTRRCOMPRRISONFORCRSE_3
(C) DIRECTIVITYRNGLE= @0 DEGREES
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FIGURER15. SPECTRACOMPARISONFORCASEY3
(0) DIRECTIVITYANGLE= 120 DEGREES
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FIGUREA15. SPECTRACOMPARISONFORCASEY3
(E) OIRECTIVITYANGLE= 150DEGREES
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FLOWPROPERTIESFOR CRSE 48
NOZZLEMODEL4
FORNRRDFLIGHTVELOCITY,VA = 0.0 MIS
TEMPERRTURE VELOCITY MASS FLOW PT/PA
TT, OEGK V, M/S N, KG/S
PRIMRRY 806.6 603.2 3.8269 2.4610
8ECONDRRY 353.8 757.4 3.1098 3.4010
EQUIVRLENT 872.6 675.7 6.3367
REFERENCERRDIUS= 45.7 M
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FIGURE RI6. SPECTRR COMPRRISON FOR CRSE 48
CR) FLOW PROPERTIES RND.DIRECTIVITYPLOT
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FIGURER16. SPECTRACOMPARISONFORCRSE48
(B) DIRECTIVITYRNGLE= 80 DEGREES
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FIGUREA16. SPECTRACOMPARISONFORCASE_8
(C) DIRECTIVITY.ANGLE= SO DEGREES
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FIGURER16. SPECTRRCOMPARISONFOR CRSE48
(D) DIRECTIVITYANGLE = 120 DEGREES
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FIGURER1S. SPECTRACOMPARISON:FORCASE_8
(E) DIRECTIVITYRNGLE= 150 DEGREES
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APPENDIXB
TypicalWind Tunnel Case
SpectralDistributions
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FLOW PROPERTIESFOR CASE I
NOZZLEMODEL2
FORWARDFLIGHTVELOCITY,VR = 101,_M/S
TEMPERATURE VELOCITY MASS FLOW PT/PR
TT, DEG K V, MIS W, KG/S
PRIMARY 352.6 300.2 .3S00 1.5300
SECONDARY 388,7 4?0,8 .6_B6 3,2070
EQUIVALENT 350.I _06.6 1.0387
REFERENCERADIUS= _5.7 M
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FIGUREBl • SPECTRACOMPARISONFOR CASE I
(A) FLOW PROPERTIESAND DIRECTIVITYPLOT
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FIGUREBI-- SPECTRACOMPARISONFOR CASE I
(B) DIRECTIVITYANGLE= "70 DEGREES
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FIGUREB1 • SPECTRRCOHPRRIGONFORCRGE1
{C) DIRECTIVITYRNGLE= 90 DEGREES
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FIGUREB1 • 8PECTRRCONPRRISONFORCASE1(D) DIRECTIVITYRNGLE= 120 DEGREE8
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FIGUREB1 • SPECTRA.COMPARISONFOR CASE I
{E) DIRECTIVITYANGLE= 150 DEGREE8
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FLOW PROPERTIESFOR CASE5
NOZZLEMODEL2
FORWARDFLIGHTVELOCITY,VA = 31.0 M/S
TEMPERATURE VELOCITY MRS8 FLOW PTIPA
TT, DEGK V, HIS W, KG/S
PRIMARY _02.0 30_.8 ._173 1.5330
SECONDARY 692.6 630.3 ._898 3.2010
EQUIVRLENT 558.9 _80.5 .9071
REFERENCERRDIUS: _5-7 M
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FIGUREB2 • SPECTRACOMPARISONFOR CASE 5
{R) FLOW PROPERTIESAND DIRECTIVITYPLOT
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FIGURE B2 • SPECTRA COMPARISON FOR CASE 5
(B) DIRECTIVITY ANGLE = 70 DEGREES
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FIGUREB2 • SPECTRACOMPARISONFOR CASE 5
(C) DIRECTIVITYANGLE= 90 DEGREES
133
110 ,ili,li,l,,l,,l,,l,,l,,li,l,,l,,l,i
100 -
SO
70
60 - -
_ 0 MEASUREDATA_
50 - JET ONLY _
_ JET + SHOCK _
_0 ,11,,I,,11,I,,I,,I1,I,,I,,11,I,,I,,
31 63 125 250 500 IK 2K _K 8K 16K31KS3K 125K
FREOUENCY,HZ
FIGUREB2 • SPECTRRCOMPRRISONFOR CRSE 5
(D) DIRECTIVITYRNGLE= 120 DEGREES
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FIGUREB2 • SPECTRRCOMPRRISONFOR CRSE 5
(E) DIRECTIVITYRNGLE = 150 DEGREES
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FLOWPROPERTIESFOR CASE 8
NOZZLEMODEL 2
FORWARDFLIGHTVELOCITY,VA = 30.1 HIS
TEMPERATURE VELOCITY MASS FLOW PT/PR
TT, DEGK V, M/S W, KG/S
PRIMARY 394,2 301.7 .4173 1.5330
SECONDRRY 703.7 573.3 .3524 2.5030
EQUIVRLENT 535.9 _26.0 .7697
REFERENCERRDIUS= _5.7 M
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FIGUREB3 • SPECTRRCOHPRRISONFOR CRSE8
(R) FLOW PROPERTIESRND DIRECTIVITYPLOT
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FIGURE B3 • SPECTRACOMPARISONFOR CASE 8
(B) DIRECTIVITYANGLE= ?0 DEGREES
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FIGUREB3 • SPECTRACOMPARISONFOR CASE 8
{C) DIRECTIVITYANGLE= 90 DEGREES
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FIGUREB3 • SPECTRACOMFRRISONFOR CRSE 8
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FIGUREB3 • SPECTRACOMPRRISONFOR CASE 8
[E) DIRECTIVITYANGLE = 150 DEGREES
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FLOW PROPERTIESFOR CASE 9
NOZZLEMODEL2
FORWARDFLIGHTVELOCITY,VR = 129.5MIB
TEMPERATURE VELOCITY MASS FLOW PT/PA
TT, DEGK V, HIS W, KG/B
PRIMARY 388,7 255.3 .3810 1.51_0
SECONDARY 705.9 837.6 ._127 3.2120
EQUIVALENT 553,6 _73,3 .7937
REFERENCERADIUS : _5.7M
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FIGUREB_ • SPECTRACOMPARISONFOR CASE 5
(A) FLOW PROPERTIESAND DIRECTIVITYPLOT
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FIGUREB_ • SPECTRRCOMPARISONFOR CASE 9
(B) DIRECTIVITYRNGLE= 70 DEGREES
FIGUREB_ • SPECTRRCOMPRRISONFORCRSE S
(C) DIRECTIVITYRNGLE= 80 DEGREES
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FIGUREB_ • SPECTRACOMPARISONFOR CASEB
(D) DIRECTIVITYANGLE: 120 DEGREES
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FIGURE B_ • SPECTRACOMPARISONFORCASE9
{E) DIRECTIVITY ANGLE= 150 DEGREES
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FLOW PROPERTIESFOR CaSE 13
NOZZLEMODEL
FORWARDFLIGHTVELOCITY,Va = 61.5 M/S
TEMPERATURE VELOCITY MaSS FLOW PT/PQ
TT, DEG K V. MIS W, KGIS
PRIMARY 393.1 299.0 .3538 1.5220
SECONDARY 898.1 633,3 .5851 3.2030
EQUIVALENT 583.2 507.3 .9389
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FIGUREB5 . SPECTRaCOMPARISONFORCaSE 13
(a) FLOWPROPER?IE.8aNDDIRECTIVITYPLOT
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FIGUREB5 • SPECTRACOMPARISONFORCASE13
(B) DIRECTIVITYANGLE= 70 DEGREES
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FIGUREB5 • SPECTRACONPARISONFOR CASE 13
(C) DIRECTIVITYANGLE= SO DEGREES
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FIGUREBS • SPECTRACOMPARISONFOR CASE 13
(D) DIRECTIVITYANGLE= 120 DEGREES
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FIGUREB5 • SPECTRACOMPARISONFOR CASE 13
(E) DIRECTIVITYANGLE= 150 DEGREES
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FLOWPROPERTIESFORCASE 1_
NOZZLEMODEL
FORWARDFLIGHTVELOCITY,VR = 61.2M/S
TEMPERATURE VELOCITY MASS FLOW PT/PR
TT, DEG K V, MIS W, KG/S
PRIMARY 395.3 299.3 .3311 1.5190
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FIGUREB6 • SPECTRACOMPARISONFORCASElY
(A) FLOWPROPERTIESANDDIRECTIVITYPLOT
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FIGUREB6 • SPECTRACOMPARISONFOR CASE I_
(B] DIRECTIVITYANGLE = 70 DEGREES
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FIGUREB6 • SPECTRACOHPRRISONFORCASE1£
(C).DIRECTIVITY ANGLE= 90 DEGREES
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FIGUREB6 • SPECTRACOMPARISONFOR CASE I_
[O) DIRECTIVITYANGLE= 120 DEGREE8
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FIGUREBB • SPECTRACOMPARISONFOR CASE I_
{E) DIRECTIVITYANGLE = 150 DEGREES
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FLOWPROPERTIESFORCASE18
NOZZLEMODEL4
FORWARDFLIGHT VELOCITY,VA : 103.6 M/S
TEMPERATURE VELOCITY MASS FLOW PT/PA
TT, OEGK V, M/S N, KG/S
PRIMARY _02.0 30_.I .3039 1,5300
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FIGUREB7 • 8PECTRRCOMPRRISONFORCRSE18
(R) FLOWPROPERTIESRNDDIRECTIVITYPLOT
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FIGUREB7 • SPECTRACONPARISONFORCASE18
(B) DIRECTIVITYANGLE= 70 DEGREES
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FIGUREB7 • SPECTRACOMPARISONFORCASE18
(C) DIRECTIVITYANGLE= 50 DEGREES
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FIGUREB7 • SPECTRACOMPRRISONFOR CASE 18
(O} DIRECTIVITYANGLE = 120 DEGREES
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FIGURE B7 • SPECTRA COMPARISON FOR CASE 18
{E) DIRECTIVITY ANGLE = 150 DEGREES
149
FLOW PROPERTIESFOR CASE 20
NOZZLEMODEL
FORWARDFLIGHT VELOCITY,VA = 129.8 M/S
TEMPERATUREVELOCITY MASSFLOW PT/PR
TT, DESK V, M/S W, KG/S
PR_MRRY 388.7 297,7 .2S93 1.5250
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FIGUREBB • SPECTRA.COMPARISONFORCASE20
(R) FLONPROPERTIESANDDIRECTIVITYPLOT•
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FIGUREB8 • SPECTRACOMPARISONFOR CASE 20
(B] DIRECTIVITYANGLE: 70 DEGREES
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FIGUREB8 • SPECTRACOMPARISONFORCASEPO
(C) DIRECTIVlTYANGLE= 80 DEGREES
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FIGUREB8 • SPECTRACOMPARISONFORCASE20
(D) DIRECTIVITYANGLE= 120 DEGREES
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FIGUREB8 - SPECTRRCOMPRRISONFOR CASE 2D
(E) DIRECTIVITYANGLE= 150 DEGREES
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